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Claims for the following Contracting States: 

@ Polysaccharlde-modified immunoglobulins having reduced immunogenic potential or improved pharmacokinetics. 

(g) There is provided a substantially monomeric immunoreac- 
tive composition of lowered immunogenic potential, said 
substance comprising an immunoglobulin, or immunoglobulin 
fragment, covalently linked to a low molecular weight polysac- 
charide derivative, preferably an oxidized dextran. Such 

immurior e a ct iv e compos i tions retain, oomparod to th e fr ee 

immunoglobulin or fragment, substantially unaltered immunore- 
activity, localization properties, and substantially unaltered or 
improved pharmacokinetic properties. 
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Descripti n 

POLYSACCHARIDE-MODIREDIMMUNOGLOBUUNS^ 

IMPROVED PHARMACOKINETICS 

This invention relates to an immunoglobulin, or fragment thereof, conjugated with modified low molecular 
weight polysaccharides, preferably an oxidized dextran. Such conjugated .mmunoglobubns have .reduced 
Sunogenicity but show substantially unaltered immunoreactivity and Mocahzatior .properties and 
LTstanSaHy unaltered or improved pharmacokinetics inwo. as compared to the unmodified immunoglobulin. 

MonocE antibodies, or antibodies conjugated toloxFs, drugs or radionuclides, have been used for the 
diagnosis end treatment of tumors in both animal models and clinical trials. A major difficulty .n the clinical 
application of monoclonal antibodies, however, is that these foreign proteins, by nature being »mmunogen.c 
can Se a immune response by the host against the monoclonal antibody. Such a response may .nactrvate 
theological action of the antibodies and may cause the development of severe adverse pharmacological 
reactions including allergic reactions or serum sickness. 

Likewise, some human diseases are characterized by a deficiency of certain enzymes, hormones or other 
functionally active proteins. These clinical conditions can be managed effectively wrth the administration of the 
cone? P onding foreign proteins. Exam pies of such conditions may include, for example, diabetes, which can 
be controlled effectively by the repeated administration of insulin. 

In recen years, the therapeutic administration of foreign enzymes has been applied to a vanety of human 
diseases such as the treatment with L-asparaginase in leukemias. adenosine-deaminase in severe comb.ned 
Sunodeficiency. streptokinase-streptodornase in myocardial infarctions and other cardiovascular condi- 
tom anc I other diseases well characterized in modern medicine. The therapeutic adm.n.strat.on of foreign 

nzvmes however, also has resulted I n the immunolo g i c al r e action of th e host aga i nst such an t i gen ic p rot ei n s 

resulting in the inactivation of normal biological activity, the development of allergic reactions, and the rapid 

removal of the enzymes from the circulation. 

?n certain cases, the modification of enzymes with water-soluble polymers has been shown o mate the 
enzymes less susceptible to in vivo degradation, increase the circulating half-life of the enzyme in the b ood. 
andS miffication may rei^a protein of lowered immunogenicity which stn \SS"^SSTZ 
The polymeric substance in such cases, preferably, is water-soluble and slowly degradable invwo. 
wieSSe polymers, including polyethylene glycol (PEG) and high molecular ^e.ght dedans J -,ave been 
^ed for such modification of enzymes. See. for example. U.S. Pat. No. 4.055£35; T ^rteman eta^ 
Pharm. Pharmacol. , 38 264 (1986) ; G. Mitra, etaL. Biotechnology and B'^g'^^-J 6 - f 5 * ^f 4 J " 7 f Pat " 
No~4"1 79.337; U.S Pat. No. 3.639.213; J. E. Benbough, et_aL. Biochemical Pharmacol. 28 833 (1979). 

As noted, the administration of antibodies for diagnostic or therapeutic purposes ateo can, result in an 
immune response by the host, resulting in the toss of biological activity, rapid remova of the antibody from he 
cTrSon and severe allergic reactions. For diagnostic or therapeutic appllcati ons .nvoMng ^edosmg 
regimens over a period of time, the problem is especially great. Some attempts, including the modification of 
LSes using v£ter soluble polymers such as PEG and high molecular weight ^rans have been made to 
undesirable consequences. See. for example. PCT Publication WO 86/04145 However the 
Suets described in the prior art possess potentially undesirable ^^^J^h^^m^c 
molecular weight polysaccharides and the coupling conditions employed yielded substantially polymmc 
adcSs possessing unfavorable pharmacokinetics and resulting in substantiallylowered I b-otogical actiVty 
The need I remains, therefore, for a useful means for reducing the immunogenic!* of such ' mmuno 9tot>ul.ns 
wMe maintaining normal or substantially unaltered immunoreactivity. and locataation properties and 
substantially unaltered or improved pharmacokinetics. . . 

In Sregard. the present invention provides a substantially monomeric immune-reactive composition which 
comprises an immunoglobulin, or fragment thereof, said immunoreactive composition being covalently linked 
toT C moSr weight polysaccharide derivative, preferably an oxidized dextran. Such ta™>™j-M 
substances of the invention possess greatly reduced or abrogated immunogenicity while retaining 
suSSy^ereS immunoreactivity. localization properties, and substantially unatered^ Improved 
pharmacokinetics. In additi o n, th e p r e sent invention a l so prov id es a metho d for reducing the imimm^BO^ 
SenerSby drugs (such as adriamycin, methotrexate, vinblastine, desacetylvmblast.ne cis-platin and 
C or metal chelating agents or other molecules, when such compounds are bound to a suitable 

^Sr^formulations for in vivo use are provided, which comprise, as an active ^^J^^ 
polysaccharide-conjugate im-^GnFreactive composition of the invention, associated with- a pharmaceutically- 
acceDtable canier. diluent or excipient therefor. _ .. . 

fn yeJa further embodiment of the invention, there is provided a method for the immunotherapy o a patierrt 
in need thereof, which comprises administering to said patient a therapeut.cally-eff ct«re amount of an 

immunoreactive composition of the invention. . «r 

As not d. the pres nt invention provides an immunor active composition comprising an immunoglobul.rv or 
fragment ther of. said immunoreactive composition being covalently linked to a low molecular weight 
oolvsaccharide derivative, preferably a modified dextran. ... . . . ,„ /„„«h^„> 

The preferred immunoreactive composition comprises an antigen-recognizmg immunoglobulin (antibody), 
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or fragment thereof. Particularly preferred immunoglobulins are those immunoglobulins which can recognize 
tumor associated antigens. As used, "immunoglobulin" may refer to any recogniz d class or subclass of 
immunoglobulins such as IgG, IgA, IgM, IgD, or IgE. Preferred are those immunoglobulins which fall within the 
IgG class of immunoglobulins. As noted, one skilled in the art will appreciate that the invention also 
encompasses the use of antigen recognizing immunoglobulin fragments. Such immunoglobulin fragm nts 5 
may include, tor example, the Fab', F(ab')2, or Fab fragments, or other antig n recognizing immunoglobulin 
fragments. Such immunoglobulin fragments can be prepared, for example, by proteolytic enzyme digestion, 
for example, by pepsin or papain digestion, reductive alkylation, or recombinant techniques. The materials and 
methods for preparing such immunoglobulin fragments are well-known to those skilled in the art. See 
generally , Parham, J. Immunology , 131 , 2895 (1983) ; Lamoyi etal., J. Immunological Methods , 56, 235 (1983) ; 10 
Parham. id., 53 133 (1982); and Matthew era}., id., 50 239 (1982). 

The immunoglobulins or fragments thereof, when conjugated to a low molecular weight polysaccharide 
derivative, possess low or greatly reduced immunogenicity while retaining substantially unaltered 
immunoreactivity and localization properties, substantially unaltered or improved pharmacokinetics and, in a 
particularly preferred embodiment, the ability to localize at tumor sites in vivo . 15 

The immunoglobulin can be derived from any species, preferably, however, from human, murine, or rabbit 
origins. Also, the Immunoglobulin can be a "chimeric antibody" as that term is recognized in the art. Also, the 
immunoglobulin may be "bifunctional", that is, the antibody may have one arm having a specificity for one 
antigenic site, such as a tumor associated antigen while the other arm recognizes a different target, for 
example, a hapten which is, or to which is bound, an agent lethal to the antigen-bearing tumor cell. Such 20 
Afunctional antibodies are described, for example, in European Patent Publication, EPA 105360, to which 
those skilled in the art are referred. Further, for immunodiagnostic or immunotherapeutic purposes, the 
immunoglobulin portion of the adduct may be labelled with a radioisotope, for example, Tc, 126 l, 90 Y, 111 In, 
131 1, or others, by means which are well known to those skille d in the art. A pa r ticularly u seful method fo r 
labelling tho immunoglobulin is by use of the chelating agents descnbed in Meares, et al ., tKSrPatent 25~ 
No. 4,622,420. which is incorporated herein by reference. 

With specific reference to the administration of bifunctional antibodies, particularly those with at least one 
specificity to a hapten such as a radioisotope, including a radioisotope associated with a chelating agent, one 
skilled in the art will appreciate that the antibody/hapten complex to be administered to a patient can be 
formed in vitro prior to administration, or alternatively, the complex can be formed in vivo by separate 30 
administration of the hapten and the antihapten antibody. Additionally, if desired, the antihapten antibody may 
be permitted to distribute itself throughout the patient prior to administration of the hapten. Other means of 
accomplishing favorable biodistribution of the bifunctional antibody will be apparent to one skilled in the art. In 
this regard, the disclosure in European Patent Publication EP A 0217577 (April 8. 1988), incorporated herein by 
reference, is especially useful. 35 

As noted, particularly preferred for use in the invention are monoclonal antibodies which are characterized 
in the art as hybrid or bifunctional antibodies. In accordance with the present invention, the hybrid antibodies 
have a dual specificity, preferably with one or more binding sites specific for the hapten of choice and one or 
more binding sites specific for a target antigen, for example, an antigen associated with a tumor, an infectious 
organism, or other disease state. Among such antigens may be mentioned tumor-associated antigens such as 40 
the antigen recognized by KS1/4, carcinoembryonic antigen (CEA), prostatic acid phosphatase (PAP), 
prostate specific antigen (PSA), human chorionic gonadotropin (HCG), ferritin, bombesin, melanoma 
associated antigens p97 and gp 240, as well as those noted below. Such hybrid or bifunctional antibodies may 
be derived either biologically, by cell fusion techniques, or chemically, especially with cross-linking agents or 
disulfide bridge-forming reagents, and may be comprised of whole antibodies and/or fragments thereof. 45 
Methods for obtaining such hybrid antibodies are disclosed in PCT application W08303679 (October 27, 1983) 
and European Application EPA 0 217 577, supra , both of which are incorporated herein by reference. 
Particularly preferred bifunctional antibodies are those synthetically prepared with cross-linking agents such 
as bis-(maleimido)-methyl ether ("BMME"), or with other cross-linking agents familiar to those skilled in the 

art. 50 

As noted, also especially preferred for use in the present invention are chimeric monoclonal antibodies, 
preferably those chimeric antibodies having hapten-binding specificity or specificity toward a tumor 

associated antigen. As used here i n, the lem i "chimeric anti bo dy" r e fers to a monoc l onal ant i body compr isi ng 

a variable region, i.e., binding region, and at least a portion of a constant region derived from a different 
species, usually prepared by recombinant DNA techniques. Chimeric antibodies comprising a murine variable 55 
region and a human constant region are especially preferred in certain applications of the invention, 
particularly human therapy, as such antibodies may be less immunogenic than purely murine monoclonal 
antibodies. Such murine/human chimeric antibodies are the product of immunoglobulin genes comprising 
DNA segments encoding murine immunoglobulin variable regions and DNA segments encoding human 
immunoglobulin constant regions. Methods for producing chimeric antibodies involve conventional 60 
recombinant DNA and g ne transfection techniques well known to the art. Morrison, S.L., et al M Proc. Nat'l 
Acad. Sci„ 81:6851 (1984). Particularly preferred are those chimeric antibodies which recognize the antigens 
outlined above for the bifunctional antibodies. 

Encompassed by the term "chimeric antibody" is the concept of "humanized antibody", that is those 
antibodies in which the framework or "complementarity determine regions ("CDR") have been modified to 65 
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'JSSSZ Ep fo 239 40) (September 30, 1987), incorporated herein by reference, tor its 

^^y^SS!S of the invention, one ski.led in the art w.« recognize thai a 
hH^?n C tional2himeric antibody can be prepared which would have the benefits of lower .mmunogen.crty of the 
brfunct onal ch ™"™° » ca p J*.. the f , exibi |ity, especially for therapeutic treatment, of the 

?S the present invention should not be construed as limited in scope by any particular method of 
P t Son" £?! ^nvSn^paS'wS, its scope immunoglobulins or immunog.obuHn fragments to 
JPcfare fC'seS I active proteins, for example, an enzyme of the type ^^^Tr^B^e <S 
8& Published March 13. 1986. The disclosure of such products .s .ncorporated her e,n ^ ^ence^ Of 
86/01 1 iVcnrh a case one skilled in the art will recognize that care must be taken to avoid dextran 

Particularly preferred monoclonal antibodies are those which recognize tumor 

monoclonal antibodies, are not meant to be so limited, however, and may include, for example, the following. 
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Antigen Site 
Recognized 

Lung Tumors 



Squamous Lung 
Cancer 



Small Cell Lung 
Cancer 



Monoclonal 
Antibodies 



KS1/4 



534, F8;604A9 



Gl , LuCa2 , 

LuCa3 , LuCa4 



TFS-2 



Reference 

N. M. Varki, et al. , 
Cancer Res . 44:681, 
1984. 

F. Cuttitta, et al. 7 
in: G. L. Wright 
(ed) Monoclonal 
Antibodies and 
Cancer , Marcel 
Dekker, Inc., N.Y. , 
p. 161, 1984. 

Kyoizumi et al . , 

Cancer Res . , 45:3274, 
1985. 

Okabe et al . , Cancer 
Res. 45:1930, 1985. 



Colon Cancer 



11.285.14 
14.95.55 



NS-3a-22,NS-10 
NS-19-9,NS-33a 
NS-52a,17-lA 



G. Rowland, et al. , 
Cancer Immunol . 
Immunother, , 19:1, 
1985. 

2. Steplewski, et al . , 
Cancer Res . , 
41:2723, 1981. 



Carcinoembryonic 
Antigen (CEA) 



Melanoma 



MoAb 35 

(or ZCE025) 



CEM231 



9.2.27 



Acolla, R.S. et al. , 

Proc . Natl . Acad . Sci . , 
(USA) , 77:563, 1980. 

Hybritech, Inc., 

11095 Torreyana Road 
San Diego, CA 92121 

T. F. Bumol and R. A. 
Reisfeld, Proc . Natl. 
Acad . Sci. , (USA) , 
79:1245, 1982. 
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Antigen T65 



Ferritin 



Neuro- 
blastoma 
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96-5 

T101 

Antiferrin 
R24 

PI 153/3 



MIN 1 



Glioma 



UJ13A 

BF7,GE2,CG12 



K. E. Hellstrom, et al. , 
Monoclonal Antibodies 
- and " Cancer "I :oct cit . 
p. 31. 

Boehringer-Mannheim, 
P.O. Box 50816, 
Indianapolis, IN 46250 

Boehringer-Maniiheim, 
P.O. Box 50816, 
Indianapolis, IN 46250 

W. G. Dippold, et al. , 
Proc. Natl . Acad . 
ScIT (USA) , 77:6114, 
1980. 

R. H. Kennet and 

F. Gilbert, Science , 
203:11?0, 1979. 



J. T. Kemshead in 
Monoclonal 
Antibodies and 
Cancer , loc . cit . 
p. 49. 



Goldman et al., Pedi 
atrics , 105:252, 1984 

N. de Tribolet, et al . ,. 
in Monoclonal 
Antibodies and 
Cancer , loc . cit . 
p. 81. 



Breast Cancer 
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B6.2,B72.3 



Osteogenic 
Sarcoma 

Leukemia 



Ovarian Cancer 



Prostate Cancer 



791T/48 f 
791T/36 

CALL 2 

anti-idiotype 
OC 125 



D83.21, P6.2, 

TAirp^-2-7 



D. Colcher, et al. , 
in Monoclonal 
Antibodies and 
Cancer , loc v cit . 
p. 121. 

M. "J. Embleton, ibid, 
p. 181 

C. T. Teng, et al . , 
Lancet , 1:01, 1982. 

R. A. Miller, et al. , 
N. Eng . J. Med. , 
306:517, 1982. 

R. C. Bast, et al . , 
J. Clin . Invest . , 
68:1331, 1981. 

J. J. Starling, et al.. , 
^Ln— Monoclonal, 



Renal Cancer 



A6H, DSD 



Antibodies and 
Cancer , loc. cit . 
p. 253. 

P. H. Lange, et al . , 
Surgery , 98:143, 
1985. 
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As one skilled in the art will recognize, drugs, for example, adriamycin, methotrexate, vinblastine, as well as 
metals chelated via a chelating agent, for example, when bound to immunoglobulins, can result in highly 
immunogenic entities. Such an immunoglobulin bound to a drug or chelated metal can be used in the 
immunoglobulin portion of the immunoreactive compositions of the invention. 

As used, "substantially unaltered" immunoreactivity means that the covalently linked immunoreactive 
substance retains at least about 700/o of the immunoreac tivity of that observed for the free (i.e. non-linked) 
immunoglobulin or fragment used. Lower immunoreactivities also fall within the scope of the present invention 
but as one skilled in the art will recognize, greater amounts of the linked immunoglobulin may have to be 
administered to accomplish the same result as that observed for more highly immunoreactive covalently linked 
products In addition, the linkage may result in substantially unaltered or improved pharmacokinetics over the 
unlinked immunoglobulin, particularly in the case of an immunoglobulin fragment, and may allow one to use the 
covalently linked antibody, or fragment thereof, even if the immunoreactivity is lower than preferred. Such 
adducts therefore, also should be considered within the scope of the invention. 

In addition, the immunoreactive compositions of the invention have substantially unaltered or improved 
pharmacokinetics as compared to the non-linked immunoglobulin, or fragment used. In this context, the term 
"substantially unaltered or improved pharmacokinetics" is meant to indicate that the immunoreactive 
com posit i ons hav e a biod i otr i bution, pla s ma half- l ife, e li min a tion ratp, fttr . sim il ar to . the same as or improved 
over that of the unlinked substance so as to retain the ability to recognize the desired antigenic site and, if a. 
tumor cell is involved, to target the desired cell in a manner like that of the unlinked immunoglobulin. As used 
therefore "improved pharmacokinetics" means a generally more favorable circulating plasma half-life, lack of 
abnormal' non-specific accumulation in particular organ(s), such as the liver, the kidney, the nervous system 
etc.. and a favorable body elimination rate. . 

Preferably, the compositions of the invention will provide generally improved pharmacokinetics, in 
particular it is preferred that an immunoglobulin of the invention, or fragment thereof, possess low kidney 
uptake, as compared to the unmodified immunoglobulin or fragment, and most preferably, such 
immunoglobulin or fragment may possess an increased plasma half-life. 

Thus, in an additional embodiment, there is provided a method for improving the pharmacokinetics of an 
immunoglobulin or antigen-recognizing fragment thereof, which compris s covalently linking an immunoglo- 
bulin or antigen-recognizing fragment thereof, to a low molecular weight polysaccharide d rivative. 
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-i m m„nnnpnicitv" refers to the ability of a given molecule or a determinant th reof to induce formation of 
J^S^mS^^ injo or invitro, and to bind to such ^f^TAsuse? 

the ability of a given molecule oTTdit rminant thereof to be recognized by an antibody. As used 
SS^'S^*5^nlcl^. "reduced immunogenic potential "lowered ^^unogematy" "lowe d 
« immunoaenic Dotential" or similar terms are meant to convey that the covalent polysacchar.de-modrfied 
IZSSSElS^nta present invention, relative to the non-linked immunoglobulins, ^ua a rnuch 
ovTered immune response upon administration to the host, including for example development of 
LTInSbSs allergic (anaphylactic) reactions, or serum sickness. Because of such reduced .mmunoge- 
K^SST^^ oextran-immunoglobulin adducts can be administered multiple t.mes without 

10 Thelmroglob^^^ to a low molecular weight, modified POjsacchar.de The 

ore^ferreTpolysaccharide is a dextran of low molecular weight, preferably having a mo ecular we 9htof from 
E 3 000 to about 16,000. Of this molecular weight range, especially preferred are those <^ans wrth a 
Ocular weight of from about 6.000 to about 16,000. Suitable dextrans are ava.lable commercally from, for 
flvamn u npvtran Products Ltd., Scarborough, Ontario, Canada. 

T^E££32 are linked covalentiy ?o the desired dextran through accessible amino ^WP~«« 
on the immunoolobulin. In particular, the preferred dextran starting material .s activated by ox.d.z.ng the 
ZSSXSSStSZ' on the dextran to active aldehyde groups, in the presence of a suitable ox.d.z.ng 

a9 ^n P S^ agent, the activation reaction convenient* is carried out in 

buffer solution for example, sodium borate buffer, at reduced temperature, typically at about 0 C to about 
rof m tempeSure'^e reason mixture is stirred in the dark for about 24 hours after wh.ch t.me the reason 
mav beTooDed by destroying excess oxidation reagent, for example, by the add.t.on of an excess of a 

leSlTreaction mature can be purified, for example, by dialysis aga.nst d.sflled water followed by 

*$E?££ HTJSXSZ the dextran so that it will react with the immunoglobulin, directly or through 
bridging linkages, will be apparent to those skilled in the art and are encompassed also wrth.n the teach.ng of 

^After'he dextranTtarting materia, has been activated, it can be mixed, in a suitable solution, for example 
buffer solution at a pH of about 6.5 to about 7.5. with the desired immunoglobul.n. n so doing the aldehyde 
grJup s ^Sffhe oxklfeed dextran can react With the available free amino groups of the immunoglobul.n to form a 

^e Schyba d se C adduct produced by the reaction above then is reduced in the presence of a stable mild 
reducing agemThe prefen-ed reducing agent for this purpose is sodium cyanoborohydr.de (NaBHaCN^The 
educing agent is used in slight excess to the dextran-immunoglobulin Sch .ff base adduct. and the react.on 
mixture is stirred at 0°C to about 25 0 C, until the desired degree of reduction has occurred 
"TpXmtg t* .reduction reaction, tt has been found that certain reaction condrtions arepreferred hjc .that 
the formation of undesirable high molecular weight polymeric aggregates is avoided. Avoidance of such 
polySereTSesiile so that one obtains a product retaining optimal antibody reactmty and pharmacokme- 

tiC fn oarticular the reduction reaction should not continue for long periods of time from aboul ■ 15 "linutes to 
abou?fhours being preferred. Further, a reducing agent to dextran molar ratio not "f^*™*?^ 
So about 5:1 produces the desired substantially monomeric dextran-immunoglobulin adduct and largely 
nrevents the formation of undesirable polymeric aggregates. on . lhnHl( f _ 

dHr^ 

aboufoneoextranmolecu 

from an average of about ten to twenty dextran molecules per molecule of .ntact a nt ' b °dy- . 

m °h« Motion conditions noted above, hioh molecular weight polymenc aggregates are largely avoided 
and of dimerization (fromlbout 10*. to about^/o of total ^^S^SS^tSi 
oarticular the degree of dimerization increases at dextran :antibody molar ratios of less tten about 1000 Li but 
decreases significantly at molar ratios of greater than about 2000:1. At this latter molar rat.o only about 10°/b or 
^^m!rtSS?to cSSSId. Thus, as used, "substantially monomeric immunoreact ve substance" means 
^ Immunoreactive composition containing no more than about 25o/o of total protein content as , dlmeric 
pVoduTts ^^resuwng from the derivation reaction. It bears emphasizing that (£^ b «»^ 8 ££3 
always be kept at a minimum level. The levels of such products can be determ.ned eas.ly by standard SDS-gel 

el ctrophoresis or gel filtration HPLC analysis. ..„,__~»~h _ tartlnn 

After the reduction reaction, the dextran linked immunoglobulin can be separated from Reacted starting 
materials including unreacted immunoglobulin and unreacted oxidized polysaccharide, bj ' methods 
oommonlv avaitoble to one of ordinary skill in the art. Suitable methods may include chromatography, for 
exaTp^e^ generally available support resins such ^SS£ 

S-300 or Sephadex G75 (Pharmacia. Piscataway. New Jersey), or ACA54 (IBF, Villeneuve La earenne, 
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One skill d in the art may want to quantify the degree of dextran substitution on he final hnked 
immunoglobulin of the invention. For the most accural detemnination one will real.z that it :u • essenter that 
he purification methods used to remove unreacted oxidized dextran from the ox,dized dextran bound to the 
mmuno^oSn be as effective as possible, .ncomp.ete separation of these two spec .es wtl. resuH . .n he 
contamination of the adduct with free dextran oxidized, thereby resulting .n an overestimate of the level of 

SU A S surtabr e assay for the quantification of dextran bound to the immunoglobulin particularly an IgG, is the 
snXhrone/Mc acid method. (Dreywood, R., Ind. Eng. Chem. Anal. Ed., 18499 (1946) ; ; Morns D L. Science 
W 2mTi948)). Because of the low level of giycosylation of immunog.obu.ins of the G Cass (2-5Vc , oT the total 
nf lecular weight of IgG is composed of various sugars) and because of the low amount embody »*f « 
the assay determination of the level of dextran binding with this method .s not significantly affected by the 
prote^ backbone. This assay, therefore, provides a direct indication of the extent o ^e*™*"**"*'™ 
The determination of dextran substitution also serves another important purpose. The initial oxidation of 
deS fesSte lr the generation of a.dehyde groups in the dextran molecule. For dextrans having a jocular 
welght of about 6000. the maximum theoretical number of aldehydes is about 67. assuming complete oxidat.cn 
of eve.? glucose subunit and the terminal hydroxy, group. Because only a relatively small number of these 
aroups participate in the linkage with the antibodies, the purified immunoglobulin-polysaccharide adducts 
l robabh contain a significant number of free aldehyde groups. In solution, these available groups can 
reaS ^ adjacent antibody molecules to form high molecular weight aggregates Such aggregates exhibit 
undesSle ! Pharmacokinetics because they tend to localize in the liver and other organs of the 
rrtirul^ndotheHal system In this regard, see Figure 1b. In addition, such aggregates tend to precipitate out of 
SSSSSSSt SS ^rTis^ra co^cemlboufstability of the antibodies. This ^poten^l — g ^ 
nvoidod with th? r»H. Ttion nf free ald ehyde oroucs with a suitable reducing agent, preferably N aBHU. By virtue 
~on? reSeW^on7reducing activity, however, it is important that the amount of NaBTf^^.mated 
ot lis reiaiiveiy ouvi y » j ,„^..„4j„„ two Rnhiff bases and then any free aldehyde 



10 



15 



20 



of its relatively strong reducng activity, nowever. n is inv«w» • " " ~~ 

carSu ly T^fs two-step reaction procedure (i.e. reduction of the Schiff bases and then any free a'dehyde 
oroups) is an essential condition for optimal modification of antibodies with dextran. Substitution of a strong 
redudno aqertsuch as NaBH 4 . for the less active agent, such as NaBHaCN, for the s.multaneous one-step 
educ ton of the Schiff base as well as free aldehyde groups on dextran molecules is not ™«™g^ 
virtue of its strong reducing ability. NaBH 4 . for example, is known to reduce aldehydes as well as Schtff bases, 
Ss requfring^ SXrtep-JJe incremental addition of this reagent to the antibody-dextran mixture after 

SC More b oveV^ of dextran employed in the derivatization conditions would require the addition 

of a v^ targe amount of NaBH* which could affect adversely the biological activity of the antibodies Produceo. 

Tht noveTmodtfied pdysaccharide immunoglobulin adducts of the invention are usefu m rn^yo 
immur«Xanosirand immunotherapy, particularly in the treatment of cancers if the immunoglobuhn port.on of 
he TrTduc? has ^ tumo S^ recognizing characteristics. Thus, in a further embodiment of the .nvent.on, 
tnere is prolided a EeHfor the immunotherapy of a patient in need thereof, which ^^^SSS 
To 5 d fSttent a therapeutically-effective amount of an immunoreactive ^^J^^^ST^ 
The immunodiagnostic/immunotherapeutic adducts of the invention are prepared Preferably for use in 
fenerations suitable for injection. Thus, there also is provided a pharmaceutical formulation for example an 

include for example, isotonic saUne, dilute aqueous dextrose (eg. 50/o), the polyhydnc aliphatic a cohols or 
mMu.es ^^ereoTfo? nstance glycerin, propylene glycol, polyethylene glycol, and the like. Parenteral solutions 
m £ aTso contam pLervafives such as phenethyl-alcoho., methyl and propyl parabens Ji = lan the 
™ke If needed, about 0.05 to about 0.20 percent by weight of an antioxidant such as sod.um metab sulfite or 
SI b^ulfite can be employed also. Tharmaceutically-accepta ble" re ers ^ ^ ^^^ 
carriers which are useful in the treatment or diagnosis ot a warm-blooded *''«'^^^'^*.^>^ |lJ ^ 
effect^ over a wide dosage range depending on factors such as the ^^ e ^J^^ t ^ B ^^^: 
disease state being treated or to be diagnosed, manner of administration, age and conditoon of the pahent as 
well as otherfactorsto be determined by the physician. 

Figure 1a shows the biodistribution of 12 5 I-T101 -dextran adducts. 

Figures 1 b, 1 c and 1 d show the pharmacokinetics of i * 1 ln-T101 dextran adducts. 

Figure2shows an evaluation of the immunogenicityofT101-dextran adducts 

Figure 3 shows the rate of clearance of T101 from rabbits immun.zed wrth T101. T101-dextran (10) and 

™ Jg'JnS'S.Snd 4c show the biodistribution of rabbit anti-human ferritin (-RAF-). RAF-dextran (8) 
and RAF-dextran (16), respectiv ly. 

Figure 5a shows the immunog nicity of RAF-dextran adducts. 

Figure 5b shows the long-term immunogenicity studies of RAF-dextran adducts. 
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Figure 6 shows the immunogenicity of human IgG-dextran (m.w. 16,000) conjugates. , 

Figure 7 shows the biodistribution of KS1/4 dextran adducts. 

Figure 8 shows the localization of KS1/4-dextran (10) adducts in a tumor xenograft 

Figures 9a and 9b show the plasma kinetics and localization of ZCE025-Fab'-dextran adducts in a 

5 '"Figures^rand 10b show the levels of ZCE025 F(ab') 2 -dextran adducts in kidney and plasma, 

rfiSDSctivslv. 

Fiaure 1 1 shows the tumor localization of 2CE025 F(ab') 2 -dextran adducts. 

Figures 12a and 12b show the pharmacokinetics of CHA-CEM bifunctional antibody-dextran adducts. 
w Figure 13 shows the tumor localization properties of CHA-CEM bifunctional antibody-dextran adducts. 

Figures 1 4a and 14b show the pharmacokinetics of ZCE025-dextran adducts. 
Figure 15 shows the tumor localization of ZCE025-dextran adducts. 

Figures 16a and 16b show the biodistribution of an anti-CEA chimeric antibody-dextran adduct. 
Figure 17 shows the restriction site and function map of pQCEMK. 
is Fiqure 18 shows the restriction site and function map of pNCEMGI. 

One skilled in the art will recognize that other modifications and embodiments exist which will fall within the 
intended scope of the invention. Thus, the following specific Examples and Preparations are provided to 
further illustrate the invention but are not meant to be construed as limiting its scope in any way. 
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ACTIVATION OF DEXTRANS 



Dextrans (Dextran Products Ltd., Scarborough, Ontario, Canada) having molecular weights of about 6.000 
+ 500 or 16 000 ±1,000 are used. Activation is effected by oxidation with Nal0 4 (Glucose: Nal0 4 Molar ratio 
^ 1-2) for 24 hours in the dark at 4°C. Typically. 50 grams of dextran powder are dissolved in 500 ml of 10mM 
sodium borate buffer, pH 3.1. One hundred twenty grams of Nal0 4 in 1.12 L of borate buffer are , added slowly 
S constant stirring, over a20 minute period of time. The reaction is allowed to proceed for 24 hours at 4»C in 
5Se dark after which time the reaction may be quenched by adding to the mixture a 10-fold molar excess of 
ethylene'giycol. The mixture then is maintained at room temperature for 2 hours with continuous stimng. The 
resEg reaction mixture then is dialyzed extensively against sterile distilled water for several. days at 4_ C 
Dialysis is stopped when the outer buffer does not contain residual NalOa or Nal0 4 as evidenced by a sHver 
nitrate assay in which a few drops of a 1N AgNOa solution are added to an aliquot of the outer °'^ b "« er - 
The presence of residual NalOa or Nai0 4 is indicated by the formation of e.ther a white or orange prec.pate. 
respectively After dialysis, the activated dextran solution is lyophilized to dryness and stored in a desiccator 
under t^uum until ready to use. Approximately 20-25 grams of activated dextran^ are recovered with an 
approximate yield of 40-500b of starting material. Activated dextran is then characterizec I by NMR and IR 
spectroscopy, and by the anthrone/sulfuric acid colorimetric determination indicated in Example 1B. 



EXAMPLE I 



PREPARATIO N AND CHARACTERIZATION OF WATER-SOLU BLE CONJUGATES OF T101 MoAb WITH 
DEXTRAN, MW6000 

A PREPARAT I O N OF THE CONJUGATES ; — — — — — — 5 — 

"Forty-five milligrams of T101 , (commercially available from Boehringer-Mannheim B.ochemicals, P.O. Box 
50816, Indianapolis, IN 46250; Royston. I. etal. J. Immun . 125 725 (1980).) at 2-5 mg/ml o f solution is made n 
100 mM sodium phosphate buffer. P H 6.5-7.5. A solution of activated dextran as prepared in Preparation » I te 
made by mixing, with gentle swirling, 1.98 grams of powder in 2 ml of the phosphate buffer until completely 
dissolved The activated dextran solution then is added to the antibody mixture to make aftnal volume of 10 ml 
Under these conditions, the aldehyde groups of the activated dextran can react with the free amino groups of 

the antibody to form Schiff bases. ^ . 

A solution of NaBH 3 CN. in 100 mM phosphate buffer, then is added, in slight exc ss to the s concentration i of 
dextran. and the mixture is allowed to react at room temp rature for two hours. Under these conditions 
NaBH 3 CN can r duce Schiff bases to s condary amines, resulting in a covalent linkage of activated dextran to 

th Upon' b tenm'ination of the reaction. T101-Dextran molecules are separated from unreacted dextran by 'using 
methods currently known to on skilled in the art. A suitable procedure for instance, is provided by gel filtration 
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chromatography with resins such as Pharmacia Sephacryl S-300 or Sephadex G75 (Pharmacia, Piscataway, 
New Jersey), or ACA54 (IBF, Villeneuve-La-Garenne, France). 

B QUANTI TATION OF DEXTRAN SUBSTITUTION OF T101 , , , , ^ 

This procedure outlines how one determines the number of oxidized dextran molecules linked to each 5 
immunoglobulin adduct. For accurate determinations, it is essential that the purification methods, used in 
oaraqraph A. above, for the removal of unreacted dextran from dextran bound to T101, be as effective as 
possible. Incomplete separation of these two species will result in the contamination of the adduct with free 
dextran This, of course, will result in overestimating the degree of substitution. 

A standard curve is constructed by adding increasing amounts of activated dextran (10 to 100 u.g) to 1 ml of 10 
sodium phosphate buffer, pH 7.0. in clean glass tubes in duplicate. To this volume. 3 ml of a freshly made 
anthrone solution (0.20/o in 800/o H 2 S0 4 ) are added rapidly and tubes are mixed on a vortex mixer. Tubes then 
are transferred immediately to a boiling water bath for 15 minutes, and then cooled in an ice water bath for an 
additional 15 minutes. Color development is determined by reading the absorbance at 625 nm. in a 
spectrophotometer. With this assay, non-oxidized dextran or oxidized dextran which has been reduced with 15 
NaBH 4 does not produce any color. Fifty to 1 00 p,g of either unmodified T101 or T1 01 -dextran adducts then are 
similarly tested, and their absorbance at 625 nm. is plotted against the standard curve prepared from the 
orevious activated dextran standard spectrophotometry determinations. The amount of activated dextran 
bound to T101 can be determined from the curve and the molar concentration then is calculated. The 
concentration of T101, can be determined easily by reading the absorbance at 280 nm and making standard 20 
calculations in a manner known in the art. The molar substitution of dextran (m.w. 6,000) per mole of T101 then 
can be calculated according to the following formula: 



150,000 X TDWtranl (mg/ml1 25- 

— 67000 [Antibody] (mg/ml) 
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C. REDUCTION OF FREE ALDEHYDE GROUPS PRESENT ON THE IMMUNOGLOBULIN - DEXTRAN 

" As note d earlier, any free aldehyde groups remaining on the immunoglobulin-dextran adduct can be 
detrimental to the quality of the final product because these moieties can lead to the formation of undesirable 35 
hiqh molecular weight aggregates. To avoid this problem, the free aldehyde groups are reduced with a 
reducina aqent, preferably NaBH 4 . To determine the amount of reducing agent to use, the following procedure 
was used" A NaBH 4 dose-escalation experiment was performed by treating small aliquots of the T101-dextran 
adducts with increasing molar ratios of NaBH 4 :per each subunit of the oxidized dextran, such as 2.5:1, 5:1. 
101 201 30*1 and 40:1. The reaction was allowed to proceed for 2 hours at room temperature with gentle 
stirrinq then for an additional 22 hours at 4° C. Samples then were dialyzed extensively against 100 mM sodium 
DhosDhate buffer, pH 7.0, to remove residual NaBH 4 , and the extent of residual activation of oxidized dextran 
bound to the antibodies was determined with the anthrone/H 2 S0 4 method described above An amount of 
NaBH 4 corresponding to the NaBH 4 :oxidized dextran molar ratio producing greater than 8OO/0 reduction in 
color development was found sufficient to treat adequately the bulk of T101-dextran adducts with regard to 
conferring optimal pharmacokinetics and stability properties. One skilled in the art will appreciate that this step 
should be evaluated carefully for each different antibody to identify the dose of NaBH 4 necessary to achieve 
optimal reduction of activated dextran bound to the antibodies without adversely affecting immunoreactivity or 
pharmacokinetics. SQ 

D. DETERMINATION OF THE IMMUNOREACTIVITY OF T101 DEXTRAN ADDUCTS 

11 PREPARA T ION OF AN T IGE N SOURC E 

The Human T-cell line T-8402 [Moore, G. E. etal., In Vitro (Rockville) , 8:434, (1973)] known to possess an 
antigen recognized by T101 was grown to confluency in tissue culture using a suitable medium and harvested 55 
bv qently scraping the surface of the culture flask with a rubber policeman. After washing three times with 
sterile phosphate buffered saline (PBS), pH 7.4, the cell pellet was lysed by mixing it with an equal volume of 
20/0 NP-40 in PBS. Five microliters of the resulting cell lysate were spotted directly on clean, dry nitrocellu ose 
discs and allowed to air dry. Discs were then blocked for two hours at 37° C with a protein-rich blocking 
solution such as that described in Johnson. D.. et_a|. Gene Anal. Techn. 1 3 (1984) (referred therein as 60 
"BLOTTO"). The discs then were washed 3 times with sterile PBS and stor d until used at 4 C in PBS 
containing 0.02<Vo NaN3 to prevent bacterial contamination. 

65 
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?) ^Si^dSr^^ the T-8402 cell lysate were incubated in BLOTTO containing 1 ng of 
i 25 Vradio labelled antibody having a specific activity of 10 ^g. After .ncubat.on overn.gh «t 4»£ the ^total 
rad oac °vity was determined in a well-type gamma counter. The supernatants then were carefully removed and 

5 added to a second set of antigen-coated nitrocellulose discs for a second round of b.nding D.scs used ,n the 
SrsTround were washed with PBS, P H 7.0. containing 0.10/b Tween 20 and the rad.oact.vrty i ^ ^ 
determined In a gamma counter. The second round of incubation proceeded for 4 hours at 37°C, after wh ch 
timeThe discs were again counted for determination of total radioactive content washed, and bound 
SoactMty wis determined as described above. The total percent immunoreactivrty (o/ol.R.) was calculated 

10 according to the following formula: 



Bound cpm 1st round + L Bound c pm 1st round^ 
? " % I " R * ' Total cpm 1st round \ Total cpm 1st round 



20 



I Tc 

and 1 
and I 



X 



Bound cpm 2nd round | x 100 
Total cpm 2nd round 
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The immunoreactivrty of two representative preparations of T101 contam.ng, respect.vely, an average of 10 
f-TIOl'Smr. (10)") and 17 ("T101-dextran (17)") dextrans per antibody molecules .s shown in Table I. Thus, 
lowing thT described procedure. T101-dextran adducts substantially retain immunoreact.vrty when 
compared to the immunoreactivrty of the free T101 used as a control. 



TABLE I 

IMMUNOREACTiyiTY 
(Q/o of Control) 

T101 (Control) 100 
T101 - Dextran (10) 89 
T101 - Dextran (17) 83 



E PHARMACOKINETICS OF T1 01 -DEXTRAN ADDUCTS 

The same preparations of T101-dextran described ,n (U) were radioiodinated with the chloram.ne-T method 
(Hunter W.M., and Greenwood. F.C. Nature. 194 495-496 (1962). Pharmacokinetic studies «ere performed as 

45 described by Halpern, S.C.. et a... Cancer ResI 43 5347-5355 (1983). Briefly, the modrf.ed ant.bod.es were 
Sed i v in normal mice. a-ndlhe pharmacokinetics were evaluated at 4 hours post-.njection. At this time 
mice we e sacri^ced and weighed. Organs were removed, their weight recorded, and each organ was then 
wished n SStaPBS. pH 7.0. and fixed in formalin solution. Samples of blood, urine and feces ateo were 
Stected anTtheir weight similarly recorded. The organs, or a portion thereof, were transferred to clean tubes 

<m and their radioactive content was determined in a well-type gamma-counter. 

Relative radioactive content of each organ was expressed as a percentage of injected dose per organ As 

inSed ,n Figure 1a. both preparations of I "n^^^^ 



indicated in Figure ta, Doin preparations oi . « ~ ~ ' - ri Kin„d Kl _ kidnev 

that observed for the control. The abbreviations used .n Figure 1a are as follows BL - blood. W > - 
LV - Uver; U - urine; F = feces. In additional studies, pharmacokinetic anatys|s was extended up to 48 
55 hours post-injection; T101-dextran preparations exibited substantially unaltered b.od.str.but.on compared to 

^e^udie^w^ after storage tor nine months at 4"C. The #r™>f^JSZ 
preparations did not change appreciably, compared to the results shown in Rgure 1a. These results > ndicate 
that aeXn^modified T101 MoAb. at this level of modification, are stable upon storage .n aqueous solut.on at 

60 4 Tig f ur r esNb a ic aSo iTsTow similar post-administration studies at 4. 24 and 48 hours, resp ctively ■ usjig 
mi? labelled T101 (control). T101-modified with dextran (15 moles dextran/mole of immunoglobulin. 
-T101-deJ tran (15)") and T101-dextran (15) without subsequent reduction with NaBH 4 . The indium label was 
placed o ^tnTantibody by the method of Reardon. et aL. Nature. 316. 265 (1985). using a (S)-p-.soth.ocyanato 

65 SenSiJe of dtemylenetoaminopentaacetic acidl^TPATTn place of the isoth.ocyanato-benzyl EDTA 
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disclosed therein. The data are expressed as a percentage of injected dose per gram of tissue. The 
abbreviations used for the various tissues correspond to those defined below in Example II, paragraph A and 
are used throughout the remaining figures. These figures show that subsequent reduction with NaBH 4 is 
important for obtaining monomeric compositions of the invention and failure to use such reduced products 
may result in substantial alterations in the observed pharmacokinetics as compared ither to the control 5 
unmodified immunoglobulin or the dextran-modified immunoglobulins of the invention. 

F. EVALUATION OF IMMUNOGENICITY OF T101-DEXTRAN ADDUCTS 

The immunogenicity of the T101-dextran adducts, prepared as described above, was measured by injecting 
these preparations in rabbits and measuring the rabbit anti-mouse response in serum samples by 10 
conventional EUSA assay. Three groups of seven rabbits each were injected with 100 u.g of antibody 
preparation/injection. Samples of blood were taken weekly by ear-puncture and serum was collected by 
centrifugation. The ELISA assay (Engvall: Meth . Enzymol . 70 419-439 (1980)) was performed as follows: 
Microtiter well plates were coated with non-modified T101 monoclonal antibody, non-specific binding sites 
were blocked with bovine serum albumin, wells were exposed to serial dilution of individual experimental rabbit 15 
serum and washed thoroughly. Wells then were incubated with commercially available [Tago, Inc. Burlingame, 
California) goat anti-rabbit immunoglobulins conjugated to horseradish peroxidase, and color was developed 
with the addition of 1 mg/1 ml ortho-phenyldiamine in 0.1% v/v hydrogen peroxide solution. Color 
development was quantified by measuring the absorbance at 490 nm with commercially available ELISA 
readers. 

Results are shown in Figure 2. Panel A describes the anti-T101 reactivity in serum of rabbits immunized 
against T101 (control, (part I)), T1 01 -dextran (10) (part II), and T101-dextran (17) (part III). Sera were tested at 
1 :50 final dilution. After two immunizations (shown by arrows) 7/7 or 100°/o of the control rabbits responded 
against T101. In contrast, four out of seven (or 570/o) of the rabbits injected with T101-dextran (10) and only 

-oni^m^TTdr~14< Vo) rabb i ts injected wlth^n0lHdextran~(17) elicited responses against T1 01. T h u srdextran 25 

modification of T101 MoAb resulted in the effective reduction of immunogenicity of these antibodies. 

Panel B of Figure 2 describes the ability of the rabbits unresponsive to either of the T101-dextran 
preparations to respond to a subsequent challenge of modified T101. The purpose of this experiment is 
two-fold: First, to ascertain whether the lack of response against T101-dextran preparations was due to lack of 
immunological competence of those rabbits, and secondly, to evaluate whether the administration of 30 
T101-dextran induces tolerance against the native protein. As shown in panel B, all rabbits unresponsive to 
either preparation of T101-dextran elicited a strong immune response against unmodified T1 01, indicating that 
these rabbits were fully immunocompetent. 

The production of host antibodies against an immunogen results in the rapid clearance of the antigen from 
the circulation. Thus, to confirm further the results shown in Figure 2, the rate of clearance of T101 from the 35 
plasma of rabbits immunized with unmodified T101 or with T101-dextran was determined. One hundred u,g of 
unmodified T101 were injected i.v. in rabbits which had been immunized previously with T101-dextran (10) and 
T101-dextran (17), but which had failed to mount a response against these antigens (-AA- -<>♦--). Sera 
were collected at the times indicated in Figure 3 and tested for the presence of circulating T101 with the ELISA 
assay described previously. Controls included rabbits positive against unmodified T101 (~0#— ), and virgin. 40 
non-immunized rabbits (-•-O-). Rabbits immunized against unmodified T101 rapidly cleared T101 from the 
circulation since no detectable T101 could be found in these sera as early as 6 hours post-injection. On the 
other hand, rabbits unresponsive to the immunization of T101-dextran (10) or T101-dextran (17), as well as 
control, non-immunized rabbits did not remove T101 from the circulation. Moreover, in both the experimental 
as well as the control groups, the elimination kinetics of T101 from the blood was not affected, being primarily 45 
first order, with an approximate half-life of 68 hours. This evidence shows the lack of an immune response 
against T101 in rabbits immunized with T101-dextran, and further confirms the reduction of immunogenicity of 
the dextran modified antibody. 

G. LACK OF ANTI-DEXTRAN RESPONSE IN RABBITS IMMUNIZED WITH T101-PEXTRANS 50 

The data described in paragraph (F) indicates that dextran-modification of T101 can reduce substantially the 
immunogenicity of the free antibody. Dextrans of high molecular weight (> 95,000), however, are known to be 

i m m uno ge n i c thems e lves, espec i a l ly when bound to prot e in Gam e r s , (Kab a t, E . A ., a n d B erg , D ., J. 

Immunology , vol.70, 514, 1953. and Richter, W. and Kagedal, L, Int. Arch. Allergy , vol. 42, pp 885-902, 1972). To 
evaluate whether the administration of T101-dextran in rabbits could elicit an anti-dextran response, sera of 55 
rabbits injected with T101-dextran (10) or T101-dextran (17) were tested against either T101-dextran or 
BSA-dextran in the ELISA assay described earlier. The results are shown in Table II. Sera from rabbits that did 
not respond against immunization with T101-dextran (10) or T 101 -dextran (17) were also negative when tested 
against BSA-dextran. In addition, sera positive against immunization with unmodified T101, T101 -dextran (10) 
or T101-dextran (17) were similarly negative when tested against BSA-dextran. These data indicated a lack of 60 
immunogenicity of protein-bound dextran derivative and confirm that th T101-dextran adducts, themselves, 
lack any significant immunog nic characteristics. 
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TABLE II 

EVALU ATION OF ANTI-OXIDIZED-DEXTRAN 

RESPO NSE IN RABBITS-INJECTED WITH " 

T101-DEXTRAN 

SERA TESTED AGAINST (OP. 490 
nm) 

T101 T101-DEX- BSA-DEX- 
TRAN(10) TRAN(10) 

POSITIVE 
CONTROL 

R anti-Mouse 
Ab 

R anti-BSA 
Ab 

SERA 
NEGATIVE 
AGAINST 

T101-DEX- 
TRAN (10) 
T1 01 -DEX- 
TRAN (17 ) 



SERA 
POSITIVE 
AGAINST 

T101 

T101-DEX- 
TRAN (10) 
T101-DEX- 
TRAN (17) 



1.91 
0.065 



0.124 
0.004 



0.340 
0.004 



0.062 
0.009 



0.009 
2.15 



0.078 
0.100 



>2.00 


1.58 


0.105 


2.15 


1.08 


0.062 


>2.00 


0.61 


0.09 
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PREPARATION OF WATER- SOLUBLE CONJUGATES OF POLYCLONAL RABBI T ANTI-HUMAN 
FERRITIN-IgG WITH DEXTRAN. MW6000 

Dextran, having a molecular weight of about 6000, was activated as described in Preparation 1. W^neA 
rabbit antilhuman ferritin IgG ("RAF") was purified from rabbit immune serum according to the method of 
Fahev and Terry [Handbook of Experimental Immunology, pp. 8.1-8.15, D.M. Weir (Ed..)J. 

The purified RAF antibody then was modified with activated dextran according to the method described in 
Example 1. 

A PHARMACOKI NETICS OF RAF-DEXTRAN ADDUCTS _ . „ 

Themvto organ biodistribution of RAF (control), and tw o preparations of RAF-dextran adducts containing 
about Fortran m o le cu les p er antibody m o d u le anrt 16 riPxtran molecules^er anlhhnriy molecule (as 
determined by the method described in Example I) are shown in Figures 4a, 4b and Ac respe c ively _ The 
Ztibodies were radiolabelled with indium and the study was performed as descnbed in Exampte \. In these 
figures BL = blood; FEM = Femur (which is designated as BO in Figure 4b and 4c); BO - bone, 
HT «= heart- Kl = kidney; LV - liver; LG - lung; MU - muscle; SK = skin; SP = spleen; I - intestine, 
U = urine- F = feces; Gl - gastro-intestina! tract (which is designated as I in Figure 4b). Further, in Figures 
4b and 4c biodistributions were performed at 4, 24. 48 and 72 hour intervals post-injection while in determining 
the data for Figure 4a, samples were taken at 4 hours and 48 hours post-injection As indicated " f^to***. 
both preparations of RAF-dextran possessed pharmacokinetics that are not signrficantly different *™ithat of 
the control, unmodified antibodies. In addition, the dextran modification resulted in a desirable substantial 
increase in plasma lev Is of the antibodies at the earlier time-points. These studies were repeated after 
storage at 4°C for three months and produced identical results. 
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EXAMPLE III 
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B EVALUATIO N OF IMMUNOGENICITY OF RAF-DEXTRAN ADDUCTS 

The immunog nicity of RA F-dextran adducts was measured by injecting these preparations in mice and 
measuring the xt nt of the mouse-anti-rabbit response in serum samples by the ELISA assay as described 
earlier An optimal immunogenic dose of 10 ug of RAF per mouse was identified in a previous dose-escalat.on 
experiment, in which increasing amounts of RAF antibodies (1 to 500 jig per mouse) were injected and the 
extent f the mouse-anti-rabbit responses were evaluated by the ELISA assay. 

Three groups of 5 mice each were injected with 10 jtg of unmodified RAF «>). or RA f ™? ,f i et ? ™1 
about 8 dextrans/Ab ("RAF-dextran (8)")(-A-) or with about 17 dextrans/Ab ("RAF-dextran (17) )(-•-). The 
svmbols used correspond to those used in Figures 5a and 5b which show the results of these studies 

Blood samples were collected weekly and serum separated by centrifugation. Sera were tested at 1 :500 final 
dilution Upon a single administration of unmodified RAF. mice elicited a strong immune response. When RAF 
was modified with either about 8 or 17 dextran molecules per molecule of antibody and similarly injected, they 
failed to elicit significant immune responses above background levels. To further confirm these results, relative 
titres of these sera were determined as described by Engvall, Meth . Enzymol 70 419-439 (1980). 

Briefly sera were serially diluted and assayed in the ELISA assay as described earlier. Relative titres were 
expressed as the reciprocal of the dilution capable of generating 50<Vb of the maximum response. With this 
assay sera of mice immunized with unmodified RAF exhibited titres in excess of 1/1.200. However, sera of 
mice immunized with RAF-Dextran (8) or RAF-Dextran (17) did not exhibit appreciable titres (less than 1/50) 
The results of these studies, over a 36 week period of time, are shown in Figure 5b. In Figure 5b, the solid 
arrows denote the i.v. injection of each of the noted compositions whereas the open arrows indicate later 20 
chaHenaes with unmodified RAF. Therefore, the modification of RAF with dextran molecules resulted in the 
effective reduction of the immunogenic content of these antibodies. In addition, mice unresponsive to either 
preparation of RAF-dextran elicited an immune response against challenges with unmodified RAF, indicating 

that these mice were fully immunocompetent. 

_____ , 25 

C i OF ANTI-DEX TR AN IMMUNE RESPONSE IN MICE IMMUNIZED WITH R AF-DEXTRAN ADDUCTS 

The data described in parag raph B indicates that modification of RAF antibodies with oxidized dextran can 
reduce substantially the imrnunogenicity of these antibodies. To evaluate whether the administration of 
RAF-dextran adducts in mice could elicit an anti-dextran immune response, sera of mice immunized with 
RAF-dextran (8) and RAF-dextran (17) were tested for their ability to respond against either RAF-dextran (17) 30 
or BSA-dextran (10) in the ELISA assay described earlier. As shown in Table III, sera of mice that did not 
respond against immunizations with RAF-dextran (8) or RAF-dextran (17) . as described in paragraph B. were 
similarly negative when tested against either RAF-dextran or BSA-dextran. These results indicate that binding 
of the oxidized dextran (mw of about 6000) to the polyclonal RAF fails to induce an immune response against 
the modified dextran, further confirming the evidence provided earlier. 35 



TABLE 111 

EVAL UATION OF ANTI-DEXTRAN RESPONSE IN 

MICE INJECTED WITH RAF-DEXTRAN^ " 40 

SERA TESTED AGAINST THESE ANTIGENS: (OP 
" 490 nm) 

POSITIVE RAF-DEX- BSA-DEX- 

CONTROLS TRAN TRAN 45 

Mouse 2.1 NX* 
anti-Rabbit 

Rabbit anti-BSA NT.* 1 .66 

MOUSE SERA SO 

IMMUNIZED 

WITH: 

-RAF 0123 0*00 

RAF-Dextran (8) 0.266 0.131 55 

RAF-Dextran (17) 0.215 0.040 

* NX « Not Tested 



60 



65 



15 



EP 0 315 456 A2 



PREPARATION OF POLYCLONAL IgG-DEXTRAN (M.W. 16,000) ADDUCTS 

~De^tran"having a molecular weight of about 16,000 ±1,000 was activaVed as decribed in Preparation \ 
p£££ immunoglobulin G from pooled, norma, human serum was fi P""f'e d ^cord.ng to standard 
method of Fahey and Terry [Handbook of Experimental Immunology, pp. 8.1-8.15, D. M. Weir (Ed.) Briefly, the 
InTmunoJobuiins were purilied from whole serum by precipitation with either 330/o ammonium sulfate or 180/o 
sodium sulfate, followed by anion-exchange chromatography with DEAE columns. 

Purified polyclonal IgG was conjugated with dextran according to the procedure descnbed in Example I. The 
immunogenic^ was measured by injecting polyclonal IgG-dextran preparations in mice, and serum ' sarnpfes 
weTe^onected weekly. An optimal immunogenic dose of 10 ng of human IgG per mouse was identified in a 40 
SeSStion experiment as described in Example II. Unmodified, polyclonal human IgG control 
oreoarations were injected in a separate group of mice and the mouse anti-human response was similarly 
Sured lhe results of this study are shown in Figure 6. Upon a single injection of 10 ug polyclonal human 
IgG control (• ) mice developed a substantial immune response. The response was shown to peak at week :4-5 
^administration, and subsequently returned to baseline levels. Human polyclonal "9^" 
dextran and similarly injected (-. in Figure 6). failed to elicit an immune response at any time dunng the 
experiment (up to week 10). The conjugation of polyclonal human IgG with dextran having a molecular weight 
of about 16,000, therefore, significantly reduces the immunogenic potential of these antibodies. 



EXAMPLE IV 



PREPARATION OF WATER-SOLUBLE CONJUGATES OF KS 1/4 007B MoAb WITH DEXTRAN, MW6000 

Dextran of MW6000 was activated as described in Preparation I. Purified MoAb KS1/4 <W7B was modified with 
SSed dSn as described in Example . to produce two preparations of KS1 4 ^B^exlran one 
containing about 10 dextran molecules per antibody molecule and another containing about 15 dextran 
molecules per molecule of antibody. 

A nFTFRMIN ATION OF IMMUNOREACTMTY OF KS1/4 MoAb DEXTRAN, MW6000 

The immunoreactivity assay was performed essentia lly as described prevously in Examp e ^D with the 
exceot on that cell line LS174-T [B.H. Tom, et at., In Vitro 12:180-191, 1976. American Type Culture Collection 
SE Maryland. Deposit No. ATCC CL188] wliTiiid. This cell line possesses the ant.gen(s) recognized 
by KS1/4 007B. The results of this study are shown in Table IV. 

TABLE IV 

IMMUNOREACnVtTY OF KS1 /4-007B-DEXTR AN 

0/0 OF 
CONTROL 

KS1/4-007B (CONTROL) 100 
KS1/4-007B-DEXTRAN (10) 91 
KS1/4-007B-DEXTRAN (15) 87 



B PHARMACOKINETICS OF KS1/4 007B-DEXTRAN ADDUCTS 

The in vivo biodistribution of radiolabeled KS1/4-0U/B ad ducts is shown in Figure 7. u " m ° drf 'eJ 
K01/4 - 007 B ~o> KS1/ 4- 007B mo d ifie d with a hnnt in dextr a n molecules per antibody were radiolabeled and 
nTectedlntra^enously in normal Balb/c mice. The symbols used have the same meanings as already defined 
11 ijeoieu 11 ih o 3 ^,„„:„, ,«,■., Hoc^rihcH in ExamD e I. KS1 /4 007B-dextran 



injected intravenously in normal Balb/c mice. The symbols useo nave ine same m«» ■» a= ~> 
Sef Example 2A). These studies were performed as previously described in Example I. KS1/4 ^^-dextran 
exhibited pharmacokinetics substantially unaltered from that of the control. un modrf.ed an^ 
the dextran modification results in a potentially desirable increase in plasma levels of the antibodies shortly 
after injection. 

C FVAI UATIO N OF IN VIVO TUMOR-TARGETING ABILITY OF KS 1/4 007B-DEXTRAN ADDUCTS 

in vivo tumor localization studies wer e performed In nude mice carrying ^^^^iSm 
humlnTolon carcinoma cell line T-380 which was found to poss ss the ant.gen(s) recognized by KS1 A 007B. 
SSS Balb/<TNu/Nu mice were injected suboutaneously with a minced preparation of T-380 tumor implants 
and maintained for approximately two weeks, or until the tumor implant had grown to a size of approximately 
0 5 gTamTas described by P.L. Hagan et_al., J. Nuc. Med 26 1418-1423 O^Mice _were kept in a stenle 
environment to prevent complications due to bacterial or viral infections. Unmodified KS1/4 007B or 
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KS1/4 007B modified with about 10 dextran molecules per molecule of antibody were radiolabelled and 
injected intrav nously in tumor-bearing nude mice. Tumor localization and organ biodistribution studies were 
perform d as described in Example I. Data are expressed as a perc ntage of injected dose per gram of tissue. 
As shown in Figure 8, KS 1/4-007 B-dextran410)-retained substantial tumor localization activity, compared to 
control unmodified KS1/4. In this figure, TU = "tumor". The remaining symbols have the same meanings as 5 
defined in Example 2A. This study indicates that modification o1 the antibody with dextran does not adversely 
affect the ability of KS1/4 007B to localize in the tumor xenograft in vivo . 

EXAMPLE V 10 

PREPARATION OF WATER-SOLUBLE CONJUGATES OF ANTI-CEA ZCE025 Fab' MoAb WITH DEXTRAN 
MW6000 =— - 

Dextra n MW6000 was activated as described in Preparation I. Purified murine ZCE025 [Acolla etal., Proc. 15 
Na tl Acad. Sci. (USA), 77:563, 1980] was treated with Pepsin, Wo final solution in acetate buffer. pH 4.0 for 24 
hours to generate F(ab')2 fragments [Stanworth, D.R., and Turner, M.W., pp. 10.11-10.24, Handbook of 
Experimental Immunology, Weir, D.M. (Ed.,)]. The resulting F(ab') 2 fragments were purified from residual intact 
antibodies and low molecular weight products by gel filtration chromatography, such as Pharmacia Sephadex 
G200 Purified F(ab') 2 fragments then were reduced to Fab' by treatment with cysteine, and subsequently 20 
treated with iodoacetic acid to block free disulfide groups and prevent reassociation to F(ab') 2 . Fab' fragments 
then were dialyzed to remove reagents. These fragments then were modified with activated dextran as 



men were uiaiy^eu iu icinu»c iwycw. , ..^^^ 0 . 

described in Example I. This generated monomelic adducts possessing, respectively, 8 dextran 
molecules/Fab' ( W ZCE025-Fab'-Dextran(8)-) and 5 dextran molecules/Fab' ( n 2CE025-FAb'-Dextran(5)"). 



-25- 



A. DETERMINATION OF IMMUN ORE ACTIVITY OF ZCE02S Fab' DEXTRAN ADDUCTS 

11 PR EPARATION OF ANTIGEN SOURCE .^ CA 0 , 

Briefly plastic beads were covalently coated with a murine monoclonal antibody raised against CEA. Beads 
were then coated with CEA by incubation with CEA-containing serum to give a final concentration of 30 
approximately 100 *ig CEA per bead. Another set of beads were similarly treated with serum that did not 
contain CEA to provide the control. After overnight incubation at 4°C. beads were washed with PBS, pH 7.0 
containing 0.1°/o Tween 20, and stored at 4°C in PBS with 0.02<Vo NaNa to prevent bacterial contamination until 
ready for use. 

2) DESCRIPTION OF THE ASSAY . . 

CEA-coated beads as well as negative beads prepared as above were incubated with 1 ng of 
i25|- r adioIabelled antibody having a specific activity of 10 uOi/u,g. After incubation at 37°C overnight, beads 
were processed as described in Example ID. The total percentage immunoreactivity was calculated as 
described in Example 1D. Results are shown in Table V. After modification with oxidized dextran, ZCE025 Fab 
was shown to retain approximately 50<>/o of the original immunoreactivity as compared to the unmodified 
ZCE025 Fab' control. 



40 



TABLE V 

IMMUNOREACTIVITY OF 
ZCEQ25-Fab'-DEXTRAN 

o/o LR. 



45 



Fab' (CONTROL) 51 SO 

Fab'-DEXTRAN (5) 26 
Fab'-DEXTRAN (8) 24 

B EVA LUATION OF IN VIVO TUMOR-TARGETING ABILITY OF ZCE02 5 Fab'-DEXTRAN ADDUCTS 55 
~ | n vivo tumor localization studies were performed in nude mice carrying subcutaneous implants of the 
hunmncolon carcinoma cell line T-380 as described in Example IV. Unmodified Fab' fragments as well as 
ZCE025 Fab'-dextran (8) and 2CE025 Fab'-dextran (5) were radiolabelled and injected intravenously in 
tumor-bearing nude mice. Plasma elimination kinetics were evaluated at 4, 14, 24, and 48 hours 
post-administration. Tumor localization and organ biodistribution were performed as descnbed in Example I, 60 
at 4 and 48 hours post-injection. As shown in Figure 9a, ZCE025 Fab' modified with either 5 or 8 molecules of 
activated dextran possessed significantly el vated plasma levels as consequence of increased molecular 
weight. In particular, the plasma half-lit was shown to increas substantially, from about 7 hours for the 
unmodified fragment to about 16-19 hours for either Fab'-dextran preparation. Tumor-localization and organ 
biodistribution studies were performed with ZCE025 Fab'-dextran (5). As shown in Figure 9b, dextran-modifi- €5 

17 
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cation of Fab' fragment resulted in a marked decrease (up to 10 fold) in kidney uptake, and 1 consequently, a 

decrease in urine secretion. As a consequence of decreased kidney excretion, plasma levels were 
_ „su^tantlallyjncreased, as already evidenced in Figure 9a. Tumor localization values were also comparable to 

the unmodified Fab'. Dextran modification of the ZCE025 Fab' fragments not only markedly improved the 
5 observed pharmacokinetics of the unmodified form of the antibody fragments by reducing th elimination rate 

by the kidneys, but also did not adversely affect its ability to localize at the tumor site in vivo . 

EXAMPLE VI 

10 

PREPARATION OF WATER-SOLUBLE CONJUGATES OF ANT1-CEA ZCE025 F(ab') 2 MoAb WITH DEXTRAN, 
' MW6000 ~ 

15 

F(ab')2 fragments of the murine MoAb ZCE025 were produced and purified as described in Example V. 
Dextran. MW6000, was activated as described in Preparation 1. The F(ab') 2 fragments were modified with 
oxidized dextran as described in Example I. This generated monomelic adducts possessing, respectively, 1 
dextran molecule per F(ab') 2 ('ZCE025 F(ab')2-Dextran (1)") and 4 dextran molecules per F(ab') 2 ("ZCE025 
20 F(ab') 2 -Dextran (4)"). 

A. DETERMINATION OF l MM UN OR E ACTIVITY OF ZCE025 F(ab') 2 -DEXTRAN ADDUCTS 

Immunoreactivity studies were performed as described in Example V, paragraph A. The results of this study 
^r o shown in T abl e V I. The s e r esults-sho w that a fter modification with o x i d iV ftri dextr a n , ZCEQ25_E(ab') 2 
fragments retain substantial immunoreactivity as compared to the unmodified F(ab') 2 control. 

TABLE VI 

IMMUNOREACTIVITY OF ZCE025 
F(ab') 2 -DEXTRAN ADDUCTS 

o/b I.R. o/o OF 

CONTROL 

F(ab') 2 (Control) 87 100 

F(ab') 2 -Dextran (1) 78 89 

F(ab') 2 -Dextran (4) 65 75 



B. PHARMACOKINETICS OF ZCE025 F(ab')2-DEXTRAN ADDUCTS 

— Unmodified ZCE025 F(ab') 2 fragments, as well as ZCE025 F(ab') 2 -Dextran(1) and ZCE025 F(ab')2-Dextran 
(4) were radiolabeled and injected intravenously in Balb/c mice. Plasma elimination kinetics and organ 
biodistribution were performed at 1, 4, 14, 24 and 48 hours post-administration. Figure 10a shows kidney 
tissue uptake. This figure clearly shows that ZCE025 F(ab') 2 fragments, modified with either 1 or 4 moles of 
dextran, exhibited a marked decrease in uptake by the kidney, thus substantially Improving the 
pharmacokinetics of these fragments. The uptake of ZCE025 F(ab') 2 -Dextran(4) was essentially reduced to 
background level, or the amount of radiolabelled product in the blood that circulates into the vascular 
compartment of the organ at time of sacrifice. Figure 10b shows the modified plasma levels of the F(ab') 2 
fragments compared to the unmodified fragments. This figure indicates that dextran-modified fragments 
possessed elevated plasma half-lives, perhaps as a consequence of the increased molecular weight. In 
particular, the plasma half-lives were, respectively, 21 hours for the unmodified F(ab') 2 fragment, and 23-24 
hours for the dextran-modified fragments. The distribution of these adducts in the remaining organs was not 
substantia lly altered as compared to the unmodified fragments. 

C. EVALUATION OF IN VIVO TUMOR-TARGETING ABILITY OF ZCE025 F(ab') 2 -DEXTRAN ADDUCTS 
Unmodified ZCE025 F(ab') 2 , as well as ZCE025 F(ab') 2 -Dextran(1) and ZCE025 F(ab')-Dextran(4) were 

radiolabelled and injected intravenously in nude mice carrying subcutaneous implants of the human colon 
carcinoma cell line T-380 (see Example IV). Tumor-localization studies were performed at 1, 4, 14, 24 and 48 
hours post-administration as described in Example IV, paragraph C. As shown in Figure 11, ZCE025 
F(ab') 2 -Dextran(1) and ZCE025 F(ab') 2 -Dextran(4) substantially retained the ability to localize to the tumor 
60 xenografts. 

The results shown in Figures 10a, 10b and 1 1 indicate that dextran modification of ZCE025 F(ab') 2 fragments 
markedly improved the pharmacokinetics of the unmodified fragments by increasing the half-life in plasma and 
reducing the rate of elimination by the kidney without adversely affecting its ability to localize to tumor 
xenografts in vivo . 
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EXAMPLE VII 



PREP ARATION OF WATER-SOLUBLE CONJUGATES OF CHA-CEM BIFUNCTIONAL ANTIBODIES WITH 
■ " DEXTRAN, MW6000 

Murine CHA-CEM bifunctional antibody ("BFA") is an antibody possessing two specificities, one directed 
toward carcinoembryonic antigen, the other to a hapten, a derivative of benzyl EDTA. This chemically linked 10 
bifunctional antibody can be synthesized by chemical reaction of an Fab' fragment of the murine MoAb CHA 
255, directed against a derivative of benzyl EDTA, and a second Fab' fragment of the murine MoAb CEM231, 
directed against CEA. Briefly, each MoAb was digested with pepsin to generate F(ab')2 fragments and then 
subsequently reduced to their corresponding Fab' fragment, as described In Example V. CHA 255 Fab' 
fragments were then reacted with the homobifunctional cross-linking agent bis-(maleimido)-methylether 15 
("BMME "), excess reagent was removed, and subsequently reacted with CEM 231 Fab' fragments to 
generate CHA-CEM bifunctional antibodies. An alternate cross-linking procedure, using dithionitrobenzoic 
acid, as well as the present BFA procedure, are described in European Patent Application 86307031.4, 
published as EP A 0 217 577 on April 8, 1987, the teaching of which is incorporated herein by reference. 

Dextran, MW6000, was activated as described in Preparation 1 and the CHA-CEM BFA was modified with 20 
oxidized dextran as described in Example I. This generated monomeric adducts possessing, respectively, 2 
or 8 moles of dextran per mole of BFA ( W BFA-Dextran(2)" and "BFA-Dextran(8) a ), respectively. 

A. DETERMINATION OF IMMUNOREACTIVITY ON CHA-CEM BFA-DEXTRAN ADDUCTS 

Because the CHA-CEM bifunctional antibody possesses two different antigenic specrficitiesTnhe 25" 
immunoreactMty of each arm of the BFA molecule was determined separately. 

1) DETERMINATION OF IMMUNOREACTIVITY OF THE ANTI-CEA ARM 
Immunoreactivity of the anti-CEA arm of BFA was determined as described in Example V, paragraph A. 

2) DET ERMINATION OF IMMUNOREACTIVITY OF THE ANTI-HAPTEN ARM 

The chelating agent (S)-4-l3-(hydroxyethyl)] thioureidobenzyl EDTA ("EOTUBE") {J. Nuc. Med., 29 835 
(1988)) was trace-labelled with 111 ln. One-hundred fifty pmoles of ^In-EOTUBE were mixed with 100 pmoles 
of CHA-CEM or CHA-CEM-Dextran and incubated 30 minutes at room temperature. The BFA- 111 ln-EOTUBE 
complex was then separated from the free 111 ln-EOTUBE by centrifugation over a 30,000 MW cut-off 35 
membrane, such as the commercially available Centrifree (Amicon Co., Lexington, MA), and the filtrate (A) was 
collected. A sample containing 11l ln-EOTUBE in the absence of BFA was set-up, similarly treated, and the 
filtrate (B) collected. Total percentage of reactivity was expressed according to the following formula: 



% reactivity = (1 - B-A) x 1.5 x 100 

A 



The immunoreactivity of CHA-CEM BFA and CHA-CEM-Dextran adducts is shown in Table VII. After 
modification. CHA-CEM Dextran adducts were shown to retain substantial immunoreactivity as compared to 
unmodified CHA-CEM. 

TABLE VII 

IMMUNORF ACTIVITY QF CHA-CEM-DEXTRAN 

ADDUCTS 

Anti-Hapten Anti-CEA 
Arm o/o I.R. Arm % I.R. 



30 



40 



45 



50 



55 



CHA-CEM 102 68 

(CONTROL) 

CHA-CEM 98 52 

DEXTRAN (2) 



B. PHARMACOKINETICS OF CHA-CEM BFA-DEXTRAN ADDUCTS 
Unmodified CHA-CEM BFA, or antibody modified with either 2 or 8 moles of dextran per mole of BFA were 65 
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radiolabeled with 111 ln. Briefly, 1" In-labelled EOTUBE was mixed with BFA or BFA-Dextran as descnb d 
shove Th min-EOTUBE-BFA or the 111 In-EOTUBE-BFA-Dextran, compl xes were th n in] cted 
intrav 'nously into Swiss-CDI-micer-This lab lling-method exploits-the affinity-of-the-anti-hapten^rm.toward 
iii|n bound to EOTUBE and obviates the need to chemically link the i»ln-chelating agent to the antibody. 

c piasma determination and organ biodistribution were determined at 4 and 24 or at 4 and « hours 
S^dministration, respectively. As shown in Figures 12a and 12b, the modification of BFA wrth dextran 
resultecTIn J , significantly reduced uptake of this antibody into the kidney, without substantially ^altering the 
biodistribution in the other organs tested. Thus, as noted previously with dextran modified ZCE025 F(ab ) 2 or 
Fab' fragments, the modification of CHA-CEM BFA with dextran resulted in substantially improved 

10 pharmacokinetics. 

C EVALUATION OF IN VIVO TUMOR-TARGETING ABILITY OF CHA-CEM B FA-DEXTRAN ADDUCTS 

Tumor localization experime nts were performed in nude mice carrying subcutaneous implants of the human 
colon carcinoma cell line T-380 (see Example IV). CHA-CEM BFA, or antibody modified with 2 moles of dextran 

is oer mole of BFA were injected intravenously in nude mice and allowed to localize to T-380 implants lrry^o [S 
E Halpern et al.. Cancer Res ., 43 5347-5355 (1983)]. Twenty-four hours post-administration, i"ln labelled 
EOTUBE waFadministered intravenously. Tumor-localization was determined 48 hours post-administration of 
min-EOTUBE under conditions which had been optimized in previous experiments. Results are shown in 
Fiaure 13 CHA-CEM BFA modified with dextran possessed tumor-localization properties substantially 

20 unchanged relative to that of unmodified BFA while eliminating significant uptake by the kidney. 
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PREPARATION OF WATER-SOLUBLE CONJUGATES OF ZCE025 MoAb WITH DEXTRAN, MW6000 



30 



35 



40 



Dextran of MW6000 was activated as described in Preparation I. Purified murine MoAb ZCE025 V) 
was modified with oxidized dextran as described in Example I to produce preparations containing about 4, 7, 9, 
13 and 15.5 moles of dextran per mole of antibody. 

A DETERMINATI ON OF IMMUNOREACTIVITY OF ZCE025 MoAb DEXTRAN ADDUCTS ! 

The immunoreactivity assay was performed as described in Example V, paragraph A. The results of this 
study are shown in Table VIII. After modification with oxidized dextran. antibodies were shown to retain 
substantial immunoreactivity as compared to unmodified ZCE025. 

TABLE VIII 

I MM UNO REACTIVITY OF ZCE025-DEXTRAN 
o/o I.R. % of Control 



ZCE025 80.2 100 

(CONTROL) 

45 ZCE025-DEX- 82.1 102 

TRAN (4) 

ZCE025-DEX- 71.4 89 

TRAN (9) 

ZCE025-DEX- 58.0 72 

50 TRAN (15.5) 

In a separate experiment, the immunoreactiv i ty of ZCE025 muUfflbU w i th 7 a n d 13 moles of dextran p o r mol e 

of antibody was determined. The results are as follows: 

55 o/o I.R. o/o of Control 

ZCE025 82 100 

(CONTROL) 

ZCE025-DEX- 75.2 91.7 

60 TRAN (7) 

ZCE025-DEX- 60.3 73.5 

TRAN (13) 



65 B. PHARMACOKINETICS OF ZCE025-P EXTRA N ADDUCTS 
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Unmodified 2CE025 MoAb, as well as 2CE025 modified with 7, 9, 13, and 15.5 moles of dextran per mole of 
antibody were radiolabeled and injected intrav nously into Balb/c mic . Biodistribution was perform d at 4 
and 48 hours post-administration and the results are shown in Figures 14a and 14b, respectively. As shown in 
these figures, dextran-modified preparations of-ZOE025 exhibited pharmacokinetics substantially unaltered 
from that of the control, unmodified antibodies. In addition, the dextran modification results in a potentially 5 
desirable increase in plasma levels of the antibodies. 

C. EVALUATION OF IN VIVO TUMOR-TARGETING ABILITY OF ZCE025-DEXTRAN ADDUCTS 

Unmodified 2CE025, as well as antibody modified with 7, 9, 13 and 15.5 moles of dextran per mole of 
antibody were radiolabeled and injected intravenously into nude mice carrying a subcutaneous implant of the 10 
human colon carcinoma cell line T-380 (see Example IV). Tumor localization studies were evaluated 48 hours 
post-administration as described in Example IV, paragraph C. As shown in Figure 15, dextran-modified 
ZCE025 retained the ability to localize specifically to the tumor xenografts. However, a decrease in the tumor 
uptake of the antibody, related to the level of dextran-modification, was observed. 



EXAMPLE IX 
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PR EPARATION OF WATER SOLUBLE CONJUGATES OF CHIMERIC MONOCLONAL ANTIBODIES WITH 
" DEXTRAN, MW6000 



PreparatiorTof the Chimeric Antibody 25~ 

A human-mouse chimeric MoAb XCEM449 was prepared as described in U.S. Serial No. 165,856 (March 9, 
1988) (Attorney Docket 1000-77 and H-7587), incorporated herein by reference. Murine hybridoma cells, 
designated as CEM 231.6.7, were used to derive and clone genomic DNA for variable light and heavy chain 
variable regions. Murine hybridoma CEM 231.6.7 was deposited with the American Type Culture Collection, 
Rockville, Maryland, under the acession number ATCC HB 9620. The cloned genomic DNA from murine 30 
hybridoma CEM 231.6.7, and human peripheral blood lymphocytes, were used for the construction of the 
chimeric genes. 

Transfection of chimeric genes was accomplished by electroporation techniques, essentially as described 
by Toneguzzo, F. t et al ., Moleclar and Cell Biol ., 6:703-706 (1986); and Chu, G. et al ., Nucleic Acid Res ., 
15:131 1-1325 (1987). The host cells, SP2/0-Ag14 hybridoma cells, were the recipients of the chimeric genes. 35 
The SP2/0-Ag14 hybridoma cells are available from the American Type Culture Collection, Rockville, Maryland 
under the accession number ATCC CRL 1581. 

A. ISOLATION OF DNA FROM CEM 231.6.7 MURINE HYBRIDOMA 

Genomic DNA from CEM 231.6.7 was isolated by procedures essentially as described by Pellecer et al ., Cell , 40 
41 :133 (1978). Approximately 1 x 10 B cells were collected by centrifugation (10 minutes, 800 rpm, IEC clinical 
centrifuge). Ceils were then washed twice in Phosphate Buffered Saline (PBS). Cells were then resuspended 
in 4 ml of 10 mM Tris-HCI (PH 8.0) 2 mM EDTA, 40 mM NaCI (TEN), and lysed by the addition of 200 u.l of 100/o 
SDS and 42 uJ of Protease K at 20 mg/ml (Sigma Chemicals, St. Louis, Missouri). The sample was incubated 
overnight at 37° C. DNA was extracted twice with an equal volume of phenol :choloroform:isoamyl alcohol 45 
(25:24:1 ratio) and twice more with an equal volume of chloroform :isoamyl alcohol (24:1 ratio) and dialyzed 
against 10 mM Tris-HCI (pH 8.0, 1 mM EDTA) (TE Buffer) overnight. The DNA was then treated for 2 hours with 
RNAse A at 50 ^g/ml (Sigma Chemicals, St. Louis, Missouri), followed by Protease K at 200 u.g/ml for one hour 
at 37° C. DNA was extracted again as detailed above and dialyzed overnight. Following dialysis, DNA was 
ethanol precipitated by adding 1/10th volume of 2 M Na acetate and 2 volumes of 950/o ethanol. After 30 50 
minutes at -20° C, the DNA was centrifuged at 8000 rpm for 30 minutes. The pellet was resuspended in TE 
buffer at a final concentration of 955 u.g/ml. 



B. CONSTRUCTION OF A GENOMIC LIBRARY FOR CEM 231.6.7 

Partial DNA digests of the CEM 231 genomic DNA were prepared by taking 1 0 ug of DNA in 1 1 jil TE buffer, 55 
20 u.l of H 2 0, 15 jil of 10X Core Restriction Digest Buffer (500 mM, pH 8.0, 100 mM MgCl 2 , 500 mM NaCI) then 
aliquoted into tubes. Restriction enzyme Mbol was added to each tube in units increasing from .0038 to .5 
units/uJ and incubated at 37° C for one hour. Aliquots of the samples then were run on a O.70/0 TBE (89 mM Tris 
89 mM Borate 2 mM EDTA) agarose gel and electrophoresed overnight at 40 volts. From the photograph of 
this gel it was determined which digestion fractions contained DNA in the correct molecular weight range €0 
(12-24 kb). Genomic DNA (200 p.g) then was digest d using the Mbo l units d fined by the experiment 
described above (scaled up 20X) with an hour incubation at 37° C. This DNA was used to e nstruct th 
EMBL-3 phage library using EMBL-3 phage DNA, commercially available from Stratagene, Inc. (La Jolla. 
California), as described in the manufacturers protocol. This protocol follows the techniques described in 
several laboratory manuals (e.g., Basic Methods in Molecular Biology , edited by L. G. Davis, M.D. Dibner and 65 
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J F Battev Elsevier. New York (1986)). Following isolation on sucrose gradients, the large moU ight 
CEtJ fill 6 7 DMA 12-24 Kb) was ligated into the EMBL-3 phage arms using 100 ng of D N A 100 n , of 
iJrtl «i EMBL-ohaqe-arms- -5-ul-of 10X Ligase Buffer (500 mM Tris-HCI. pH 8; 70 mM MgCI 2 ; 10 mM 
£ I SSfl ^ff tTdNA Saase (2 units) at 4°C, overnight. Packaging was performed using 

P^ge'the ^ Sd ifng standard protocols as described in .y^.^^^TJ^' 
= <f 9 L3h and J Sambrook Cold Spring Harbor Laboratories. Cold Spring Harbor, New York (1982). 
10 Fonowl^ * a density of 20.000 plaques/100 mM using P2.392 cells and 

incubated at 37° C overnight. 

C. IDENTIFICATION AND ISOLATION OF RECOMBINAN T PHAGE (oMLCE-10 INCLUDING MURINE CEM 

15 ^FoMhe 'cTm A 23?oT light (kappa) chain. 4.8 x 10* recombinant phage in E^coli P2.392. commercially 
For tne wm" 1 *' a * w ' screened according to the protocol in Molecular 

§S;l£an Unhfersity of Toronto. Toronto. Canada or synthetic probes whose sequence was derived 
fron^ the General Bank Data Base (NIH Accession *J00545). The kappa oligonuc.eot,de probe used 

S^AGA^GG^ATA^^AG-TTG-GTG-CAG-CAT-CAG-CCC-S' and was synthesized by Molecular Biosystems. 

ln °A Mm^SS'tnade aT^ha^hybTidizing^to both probes^ere^nalyzed^y double southern 

bkSySSSTE^^^TS^S with the murine kappa and J L P^"£™r> 
. u. n m J,Hh 32 n Hvbridizatins were Derformed as described in Molecular Cloning , supra . A single CEM 
Stl 7 pnage ^ ^ndizing to both probes, indicating a HghL c^variab|e 

fegion gene 9 rearrangement to a position directly contigous to the C kappa gene region. Th,s recomb.nant 
phage was designated <pMLCE-10. 

n CONSTRUCTION OF RECOMBINANT PLASMID «dMLCE-1Q INCL UDING CEM 231 .6.7 MURINE V KAPPA 
^liLlE 10 DNA was isolated and 20 ug were digested with Bam HI (1 unit/ng) using React Buffer #3 from 

Xt^m^SSi H£££l « . w tmi-nmt W box the -10 Kb women; wee 
eS oph" eeed Z^tTZL»m end sen*. Keene. New 

;r£wee,srM^^^ 

S?J3 ?eL and Suba ed on ice for 30 minutes. Following this, cells were heat shocked for 90 seconds i at 
™4 SSSSSJtoS for 2 minutes. One ml of LB broth (per liter 10 g NaCI, 5 S £rt«M 109 

— Deposit #6 7 639). ~ 
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~ J^Sa^Si^^ . individuals homozygous for the human gamma ^gS^S^ 
ml samples Buffy coat cells were harvested from the blood samples by c entnf «^ «»»2t?PM The eel 
GLC-2B at 22° C The buffy coat cells were removed with a pasteur pipet and wash ed once with PBS. Tht seel 
SStfwereTesuspend^in 500 ui of 10 mM Tris-HCI (pH 8.0). 40 mM NaCI and lysed by he addrtior . o j 30 14 
10?? SDS ! Sid *6*20 mg/ml Protease K (Sigma Chemicals. St. Louis. Missouri). The sample was Incuba ed 15 
^SH^S^V^SS^mB extracted twice with an equa. vo.ume of f^^SPS^I^ 
?25 241) twice more with chloroformiisoamyl alcohol (24:1) and dialyzed against 10 mM Tns-HC J ( pH 8.0) 
mMEDTAThe DNA was then treated for two hours with 50 wj/ml RNAse A (S.gma Chem.cals) followed by 
^ ^SUSSiSa pSL K for 1 hour. The DNA was extracted and dialyzed as desenbed above and 
the concentration determined by OD 26 o to range from 100-200 mg/ml. 
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F. CONSTRUCTION OF A HUMAN GENOMIC PHAGE LIBRARY 

Human DNA of the fbn haplotype (210 u,g as isolat d above) was partially digested with Mbol, DNA 
fragments in the molecular weight range 12-24 kb isolated, and cloned into EMBL-3 phag as described in 
Section~Babove. 

5 

G. ISOLATION OF RECOMBINANT PLASMID pHFK-1 

In order to isolate the human kappa constant region gene, the EMBL-3 library, in the manner described in 
Section B, was screened with a human kappa probe supplied by Dr. P. Hieter, Johns Hopkins University, 
Baltimore, Maryland, the sequence of which is available from the NIH Data Base, accession number J00241. A 
otal of 5x1 0 5 recombinant phage were screened as described above. A single clone was isolated and 10 
designated <pHKF-1. Fifteen uJ of <pHKF-1 DNA were digested with Bam HI and Hindlll in React Buffer #3 
'Gibco-BRL, Gaithersburg, Maryland). A ~ 5.2 kb fragment was isolated on DEAE 81 paper and ligated into the 
cloning vector pBR322 as described in Section D above. AmpicilHn resistant recombinant colonies were again 
identified using the human kappa probe; a single clone was isolated and designated pHFK-1. pHFK-1 was 
deposited under the Budapest Treaty with the American Type Culture Collection on March 4, 1988 (ATCC 15 
Deposit #67637. 

H. CONSTRUCTION OF PLASMID pHKCE-10 INCLUDING CEM 231.6.7 V L KAPPA GENE AND HUMAN C 
KAPPA GENE . _ ( 

A -3.8 kb Hindlll fragment from pMLCE-10 containing the entire CEM 231.6.7 vanable kappa region was 20 
further subcloned into the Hindlll site of plasmid pHKF-1 , described in Section E, using the methods described 
in Section D to form a chimeric plasmid having the murine CEM 231.6.7 variable light region fused to a human 
constant kappa region gene. 1 \ig of pMLCE-10 DNA was digested with Hindlll using React Buffer #2 

(Gibco-BRL, Gaithersburg, Maryland) at 1 unit/ua, of DNA. 1.2 jig o f pHKF1 w as digeste d in a similar manner. _ 

The pMLCE-10 digested DNA was electrophoresed as above and the ^3.bT<b^}no1inragmenrwa^-1so1at6d 25 
onto DEAE 81 paper and eluted in 5 u.l of TE. One u.g (2 uJ) of Hindlll digested pMLCE-10 were ligated to 600 ng 
of Hindlll digested pHKF-1 in the presence of 10X Ligation Buffer, 10 mM ATP and 2 units of T4 DNA ligase of 
totafvolume of 10 jjlI. The ligation was performed at 12°C overnight and HB101 competent cells from BRL were 
used in the plasmid transformation, as described above. The plasmid designated as pHKCE-10 was identified 
by restriction mapping of the plasmid DNA. 30 

I. CONSTRUCTION OF PLASMID pGCEMK INCLUDING CHIMERIC LIGHT CHAIN IMMUNOGLOBULIN 
GENES 

Theeukaryotic expression vector containing the murine V L region fused to the human kappa gene was 
constructed using the vector pSV2gpt, available from the American Type Culture Collection, (ATCC 35 
Designation 4*37145). One u.g of pSV2gpt DNA was digested with the restriction enzyme EcoRI using 1 
unit/u.g of DNA in Reaction Buffer #3 (Gibco-BRL, Gaithersburg, Maryland). The Eco RI fragments were 
blunt-ended by adding 10 uJ of 5 mM each of the 3 deoxy ribonucleotides dTTP, dGTP. dCTP and dATP, 2 units 
of Klenow enzyme and a 10X buffer (0.5 M Tris-HCI, pH 7.5; 0.1 M MgCI 2 ; 10 mM dithiothreitol) for a total of 50 
ul, as described in Molecular Cloning , supra . The reaction proceeded for 30 minutes at room temperature and 40 
was followed by a ligation reaction in which phosphorylated Clal linkers {2 u.g) (New England BioLabs, Beverly, 
Massachusetts) were ligated to the 500 ng of EcoRI blunted-ended pSV2gpt in order to create a new Clal site 
in the final vector. The Clal linker sequence was d(pCATCGATG). Ugation reactions were earned out as 
described earlier. Following ligation, excess linker was removed by electrophoresis and the linear 
pSV2gpt-Clal fragment was isolated on DEAE 81 paper as described above. The isolated DNA was self-ligated 45 
and HB1uT~competent cells were transformed as described earlier and the ampicillin resistant colonies 
analyzed by restriction enzyme digestion. 

The resulting vector, pSV2gpt-Cla, was then digested with Clal and Bam HI restriction enzymes (1 unit/u.g of 
DNA). The chimeric vector pHKCE-10 was digested also with these two enzymes. The -4.5 kb pSV2gpt 
Clal-BamHI fragment and the -9 kb Clal-BamHl pHKCE-10 fragment were isolated on DEAE 81 paper as 50 
oiscribed. These fragments were ligated as described above, using 375 ng of the - 9 kb fragment insert DNA 
and 200 ng of the -4.5 kb vector DNA. Following transformation of HB101 , a recombinant plasmid, designated 

as pCiCbMK, was Identified by r est r ict i on mapp i ng o f the p lasmi d DNA. This plasmid, which I s th e ch i mer i c 

expression vector used to produce the CEM chimeric light chain polypeptide, is shown with restriction sites in 
Figure 17. 

J. ISOLATION OF THE RECOMBINANT PHAGE <pMHCE-30 INCLUDING CEM 231.6.7 V h GENE 

In order to identify the CEM 231.6.7 gamma chain, the EMBL-3 library described above was screened with 
two murine heavy chain probes, one representing the J h 3-4 regions, was obtained from Dr. Phil Tucker, 
University of Texas, Dallas, Texas, and the other representing sequences In the murine gamma-1 gene. This 60 
latter probe comprises the sequence: 

5'-CTG-TAC-ATA-TGC-AAG-GCT-TAC-AAC-3' as determined from the General Bank Data Base (NIH 
Accession # J00453) and was synth sized by Molecular Biosystems, Inc. (San Diego, California). A total of 4.8 
x 10 5 r combinant phage plaques were scr en d in duplicat using these two probes to identify the clone 
containing both the J h region and the gamma region. Again, as with the kappa clone, a phage containing 65 
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containing such r arranged DNA and was designated <pMHCE-30. 

Collection on March 4, 1988 (ATCC Deposit #67640). 

L IS OLATION OF HUMAN DNA 

■ Human DNA was isolated as described above. 

» ^^^ht^^^^^ H9 «*0 30 units each o, the restriction 

Human DNA ^^^^^J^^^ #3 (Gibco-BRL, Gaithersburg, Maryland) (50 mM 

tot *' voiume of 200 The di9ested fra r ents were 

■Bd- Mm antBiLQaAAfflVh low-gelling temperature agarose 
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Ampicillin). 

of March 4, 1988 (ATCC Deposit #67638). 
figment containing V„ and the major intron. ^'^^^^ 

thTmurine V„ region fused to a human gamma-1 gene, and was des.gnated pHGCEM-30. 
P CONSTRUCTION OF pNCEMGI INCLUDING CHIMERIC HEA VY CHAIN IMMUNOGLOBU LIN GENES 

The chimenc lg gene was mserted to the eukaryoti c expression ^^^^^ m ^£^ 
The JSor used 9 was pSV2neo. available from the American ^SS£S^^XS^ 
* 371491 A Clal site was add d to this vector exactly as descnbed for the P SV2gpt ^ ctor /°"° w ^ n 'f' VJg 
oS^neo-m DNA was digested with the enzymes Clal and BamHI using 1 unrt/M of DNA^ The plasmld 
?nr?S 30 m T digested with Clal and then partially digested with BamHI (0.1 unrt/wj) .n order to tona 
Eaomenfrf ~ S ^?b wWcrTcontined the chimeric V h and gamma-fregions. This fragment Related on 
Se 81 piper and elSn ?0 »il of TE Buffer. The ligation was performed using 50 ng of vecto. "DNA 400 ng 
of^ne 1 1?r k bTnsert DNA, 10X ligation buffer, 10 mM ATP and T4 DNA ligase, as descnbed above, at 12 C 



40 



45 



SO 



55 



60 



-24— 



EP 0 315 456 A2 



overnight. HB101 cells were transformed and the corr ct recombinant plasmid constituting the chimeric 
xpression vector pNCEMGI was identified. Plasmid pNCEMGI, which constitutes the recombinant 
expression vector used to express chimeric heavy chain immunoglobulin genes, is shown in Figure 18. 

Q TRANSFE CTION OF CHIMERIC LIGHT CHAIN GENE WITH THE CHIMERIC CONSTRUCT pGCEMK 5 

The light chain immunoglobulin plasmid used for transfection was pGCEMK, as described above. The 
pGCEMK plasmid, containing the chimeric variable light (V k ) CEM gene fused to the human kappa gene, was 
first transfected into SP2/0 hybridoma cells by the electroporation techniques referenced above. The 
SP2 /0-Ag14 cells were grown in media containing 50/o FCS and maintained in a log phase of growth for the 
three days preceeding electroporation. Twenty ug of the plasmid vector pGCEMK were lineanzed using the 10 
restriction enzyme Pvul (1 unit/u.g) and the Reaction Buffer #7 (Gibco-BRL, Gaithersburg, Maryland). At the 
time of transfectionthe SP2/0 cells were collected by centrifugation in an IEC clinical centrifuge - 800 rpm, 10 
minutes at room temperature. Cells then were washed 3X in Hanks Buffered Saline Solution (Gibco 
Laboratories, Grand Island, New York) with 6 mM Dextrose and resuspended at a final concentration of 3.0 x 
10 7 cells/ml. Cells (0.3 ml) were aliquoted into cuvettes at a density of 1 x 10 7 /0.3 ml and the linearized DNA 15 
was added. The mixture was maintained on ice for 10 minutes. Electroporation was done using the .8 mm gap 
electrode (P/N 472) and the BTX 100 Transfector (BTX, Inc. San Diego, California). Conditions were 3 pulses, 
100 useconds each at 300 volts. The electroporated cells were then resuspended in media at a density of 2 x 
10 5 /ml (in T75 flasks) for 72 hours (37°C, 5<Vo CO s ). Cells then were plated in the appropriate antibiotic at a 
density of 5 x 10^/ml in 24 well plates; SP2/0 cells containing pGCEMK were plated in HMAX 1.0 Media (50 20 
ng/ml Hypoxanthine, 250 ng/ml Mycophenolic Acid and 50 ug/ml Xanthine), available from Sigma, St. Louis, 
Missouri at 1 ttg/ml. Two hundred pJ of supernatant were collected from each well containing HMAX resistant 
colonies. This supernatant then was assayed for the presence of a human kappa constant region gene which 
would indicate expression of the chimeric immunoglobulin genes of pGCEMK. 

R IDENTIFI CATION OF SP2/0 CELLS SECRETING CHIMERIC CEM 231.6.7 

" "Transfected SP2/0 cells expressing the chimeric CEM-human kappa genes were identified by a standard 
enzyme-linked immunosorbent assay (ELISA). as described by Engvall, E. and Perlmann, P.. Immunochem- 
istry, 8:871-874 (1971), for human kappa sequences. , . , M MmM 

The purpose of this assay was to identify those cells secreting the chimeric kappa chain polypeptide coded 
tor by the pGCEMK plasmid vector which was constructed from murine variable regions isolated from the 
murine hybridoma CEM 231.6.7 and fused to the human gamma-1 gene. A 5 u.g/ml solution of goat anti-human 
kappa chain (Tago. Burlingame. California. #4106) in 10 mM sodium phosphate, pH 7-8, was prepared. Each 
well of a 96 well plate was coated with 50 uJ of this solution. The plates were then incubated overnight at 37 C. 
Plates were then rinsed throughly in HzO and PBS + O.KVo Tween (w/v). Fifty ,tl of the supernatant fractions 
were added to each well, and incubated for 2 hours at room temperature. Plates were again rinsed as detailed 
above. A goat anti-human kappa chain alkaline phosphatase conjugate (Tago, Inc., Burlingame, California 
#2496) was diluted 1 :1000 in the same medium as the supernatant material. 100 jiJ were added per well and 
allowed to incubate for 1 hour et room temperature. Plates were rinsed as above. The alkaline phosphatase 
substrate was prepared as per package instruction, 1 tablet per 3 ml of distilled HsO and 150 ul of this 
substrate was added to each well and allowed to incubate 30 minutes at 37° C. The reaction was quenched with 
50 ul of 300 mM EDTA and then the absorbance was read at 405 nM. Those supernatants showing the highest 
levels of kappa expression were identified and the cells from the corresponding wells were pooled and 
expanded for introduction of the chimeric construct pNCEMGI. 



S. TRANSFECTION OF CHIMERIC KAPPA PRODUCING CELLS WITH THE H EAVY CHAIN CHIMERIC 

C Tnrheaw T chaS^mmu noglobulin plasmids used for transfection into SP2/0 cells was pNCEMGI. derived 
from constructs as detailed above. The populations of cells expressing the chimeric CEM-human kappa .genes 
which were pooled were next electroporated with the plasmid constructs containing the cn ' m encCEM heavy 
chain genes As for the kappa gene electroporation, the SP2/0 chimeric kappa producing cells (SP2/0-K) were 
maintained at log phase of growth for the three days preceeding the electroporation. Twenty micro .grams .of 
the p l asmid DNA pNCEMGI was l i nea r iz e d w it h the enzyme Pvu l in R e act B uffer * 6 (B in co-aHi . 
Gaithersburg. Maryland). Cells were collected, washed and resuspended at a density of 3 x 10* cells/ml. The 
DNA was added and the mixture held on ice for 10 minutes preceeding the electroporation. Conditions used 
were 1 pulse at 5 useconds. 250 volts. Cells were plated at 2.5 x 10Vml in HH2. 50/o FCS plus HMAX 1 .0 for 72 
hours at 37° C. 5% COa. These cells then were plated at 5 x 10 4 /ml in 24 well plates in medium containing 
HMAX 1.0 and G418 antibiotic (Geneticin. Gibco-BRL. Gaithersburg. Maryland) at an active concentration of 
500 ng/ml. Selection was maintained for 14 days at which time those wells with HMAX/G418 resistant colonies 
were identified for further analysis. 

T. IDENTIFICATION AND ANALYSIS OF CHIMERIC ANTIBODY SP2/0 CELLS SECRETING CEM-CHIMERIC 

^cfeening assays were performed to identify transfected SP2/0 cells which expressed both the chimeric 
CEM light and heavy chain immunoglobulin genes, producing antibody which binds CEA. The assay 
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nrr,r riures used for the detection of antibodies directed against CEA were standard solid phase 
Kim^ 

The foHowing reagents were added to wells of a microtiter plate and mcubated overnight at room 
temoeraturT with mixing: 25 pi cell culture supernatant, 50 jil 1"I-CEA (affinity purified). 20 pl of Sepharose 
5 bo^d goafkn -human IgG and 25 pi cell culture media. Immune complexes bound to the Sepharose-anti 
hSman °gG were collected onto paper filters. Filters were counted in a gamma counter The 
Smmun^says resulted in the identification of a chimeric anti-CEA specific ant.body. wh.ch was 
designated as XCEM449. 

m U PREPARATION OF THE CHIMERIC ANTIBODY-DEXTRAN ADDUCTS 

10 nextran MW6000, was activated as described in Preparation 1. The XCEM449, as prepared above, was 
modified with oxidized Dextran as described in Example I. This generated monomeric adducts possessing 10 
moles of dextran per mole of antibody. 

V DETERMINATION OF IMMUNOREACT1VITY OF CHIMERIC XCE M499-D EXTR AN ADDUCTS 

'The immunoreactivity assa y was performed as described in Example V, paragraph A. The results of this 
study are shown in Table IX. 
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TABLE IX 

20 IMMUNOREACTTVfTY OF XCEM499-DEXTRAN 

o/o i.r. QJo of Control 

XCEM449 ?13 !P0_ 

(CONTROL) 
XCEM449 
DEXTRAN (14) 
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XCEM449 67.6 74 



so W PHARMACOKINE TICS OF CHIMERIC XCEM449-DEXTRAN ADDUCTS 

3 Unmodified chimeric XCEM449, as well as antibody modified with 10 moles of dextran per mole °* antibody 

were radiolabeled and injected intravenously in Balb/c mice. Biodistribution studies were performed at 4 and 
48 hours oost-administration.The results of these studies are shown in Figures 16a and 16b respectively As 
shown in Sese figures, dextran-modified XCEM449 chimeric antibody exhibited pharmacok.net.es 

35 substantially unaltered from that of control, unmodified chimeric antibody. 



EXAMPLE X 



PREPARATION OF ANT1-DEXTRAN ANTIBODIES 



Dextran MW6000, was activated as described in Preparation 1. Bovine Thyroglobulin (Sigma Chemical Co 
St Loute MO) was modified with 30 moles of dextran per mole of protein as described Example 1. Bovte 
serum albulin (BSA, Sigma Chemical Co.. St. Louis. MO) was modified with 10 moles of dextran per mole of 
Protein. Six subcutaneous immunizations were performed in mice over a 4-month period with 25a ug of 
thySobulin-Dextran emulsified with complete Freund's adjuvant. Sera were collected twoweeks ; after each 
mmunization and tested for the presence of anti-dextran antibodies with ELISA fsdesenbed , n Example 2 
™ B Microtiter plate wells were coated with thyroglobulin. thyroglobulm-Dextran, BSA and 
BSA-Dextran.' Assays were performed as described, with a preparation of HRP-conjugated. goat anti-mouse 
fn^Mnngnhunn fTAV,n .n C P Burlinoa m *. CA) as a source of secondary antibodies. Resul s are sfi ipwn , n 
Table X sTra were T tested at serial dilutions. Relative titres were defined as the reciprocal of the d.lut.on 
resultino in 50<>/o of maximum response. After repeated immunizations with thyroglobulin-dextran under these 
rigorous conditions, the sera of these mice exhibited reactivity against thyroglobulin and. to a much less 
extent, against thyroglobulin-dextran. However, no specific reactivity was detected against ^tran. as 
evidenced by lack of reactivity against dextran molecules bound to BSA. as well as lack of non-specific 
reactivity against the carrier protein. 
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TABLE X 

DETERMINATION OF ANTI-DEXTRAN 
_-tt-t- ANTIBODIES " - 

SUBSTRATE TITRES 5 

Thyroglobulin 100,000 
Thyroglobulin-dextran 10,000 
BSA <50 
BSA-dextran <50 

These observations show that repeated administrations of dextran-modified proteins in mice consistently 
fail to trigger a specific anti-dextran immune response. 

15 



Claims 



I. A substantially monomelic immunoreactive composition with lowered immunogenic potential, said 20 
composition comprising an immunoglobulin, or antigen-recognizing fragment thereof, covalently linked to 

a low molecular weight polysaccharide derivative. 

2 An immunoreactive composition as claimed in claim 1, in which said immunoglobulin, or 

antigen recognizing fragment thereof, re tains immunoreactivity an d localization properties substantially 

unaltered from that of the free immunoglobulin, or antigen-recognizing fragment thereof. 25 

3. An immunoreactive composition as claimed in claim 1 or 2 in which the covalently linked 
immunoglobulin or fragment possesses substantially unaltered or improved pharmacokinetics. 

4. An immunoreactive composition, as claimed in claim 3, in which the low molecular weight 
polysaccharide derivative is an oxidized polysaccharide. 

5. An immunoreactive composition as claimed in Claim 4 in which the oxidized polysaccharide is a low 30 
molecular weight oxidized dextran. 

6. An immunoreactive composition, as claimed in claim 5, in which the average molecular weight of the 
oxidized dextran is from about 3,000 to about 16,000. 

7. An immunoreactive composition, as claimed in claim 6, in which the average molecular weight of the 
oxidized dextran is from about 6,000 to about 16,000. 35 

8. An immunoreactive composition, as claimed in claim 7, in which the average molecular weight of the 
oxidized dextran is about 6,000. 

9 An immunoreactive composition, as claimed in any one of claims 5 to 8, which compnses an average 
from about one to about twenty oxidized dextran molecules per molecule of immunoglobulin or 
antigen-recognizing fragment thereof. 

10 An immunoreactive composition, as claimed in claim 9, in which the immunoglobulin, or antigen 
recognizing fragment thereof, is a polyclonal or monoclonal antibody or antigen-recognizing fragment 
thereof 

II. An immunoreactive composition as claimed in claim 10 in which the immunoglobulin, or fragment 
thereof, is bound to a drug or a metal chelating agent. 

12. An immunoreactive composition, as claimed in claim 11, in which the drug is adriamycln, 
methotrexate, vinblastine, or desacetylvinblastine. or cisplatin. 

13 An immunoreactive composition, as claimed in claim 10, in which the immunoglobulin, or 
antigen-recognizing fragment thereof, is a monoclonal antibody or an antigen-recognizing fragment 
thereof 

14. An immunoreactive composition, as claimed in any one of claims 1 to 13, in which the immunoglobulin 
nr antigen-recogn izing fragment thereof, re cognizes a tumor associated antigen. 

15 An immunoreactive composition, as claimed in any one of claims 1 to 14, in which the immunogioDUiin 
or an antigen recognizing fragment thereof, is T101, KS1/4, 9.2.27, RAF, 2CE025, or an antigen-recogniz- 
ing fragment thereof . . 

16. An immunodiagnostic or immunotherapeutic formulation which compnses, as an active ingredient, 
an immunoreactive composition, as claimed in any one of claims 1 to 15. 20 to 30 or 32 to 40, associated 
with a pharmaceutically-acceptable carrier, diluent, or excipient therefor. 

17. An immunoreactive composition, as claimed in any one of claims 1 to 15 or 20 to 28, for use in 
immunotherapy. 

18. A process for preparing an immunoreactive composition as claimed in any one of claims i to io, 
which comprises reducing with a suitable reducing agent a free aldehyde group present on the 
polysaccharide portion of the covalently linked immunoglobulin or antigen-recognizing fragm nt thereof, 
said linked immunoglobulin or an antigen recognizing fragment having been prepared by reacting a free 
immunoglobulin or immunoglobulin fragment with an oxidized polysaccharide and then reducing the 65 
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resultina Schiff base adducts with a mild reducing agent. > 

19 A process as claimed in claim 30, in which the suitable reducing agent .s sodium borohydr.de. 
-20. Ar? imrnunoreactive composition as claimed.in any..one.of claims 1 to 15 .nwh.ch the immunoglobulin 
or fraament thereof is a bifunctional antibody or fragment thereof. 

21 immunoreactive composition as claimed in any one of claims 1 to 15 in which th immunoglobulin 
or immunoglobulin fragment thereof is a chimeric antibody or fragment thereof. 

22 An immunoreactive composition as claimed in claim 20 in which the bifunctional ant.body orfragment 
thereof is a synthetic bifunctional antibody or fragment thereof. 

23 An fmrnunoreactive composition as claimed in claim 22 in which the synthetic bifunctional ant.body or 
fraament thereof is a synthetic covalently cross-linked antibody or fragment thereof. 

S !i immunoreactive composition as claimed in claim 21 in which the chimeric antibody or fragment 
thereof is a humanized antibody, or fragment thereof. . 
25. An immunoreactive composition as claimed in claim 21 in which the chimeric ant.body is a ch.menc 
bifunctional antibody, or fragment thereof. ..^j.i. 
26 An immunoreactive composition as claimed in claim 25 in which the chimeric bifunctional ant.body is 
a svnthetic covalently cross-linked chimeric-bifunctional antibody, or fragment thereof. 
27. An immunoreactive composition as claimed in claim 25 in which the chimeric bifunctional antibody, or 

fr |nTimmunoreac^T as claimed in claim 26 in which the synthetic antibody, or fragment 

20 1 S^'SlSinSSSL composition as claimed in any one of claims 1 to 15 or claims 20 to 28 in which the 

covalently linked immunoglobulin, or fragment thereof, has reduced kidney uptake charactenst.es 
30. An immunoreactive composition as claimed in claim 29 in which the .mmunoglobul.n or fragment 

thereof ~has a n i nc r eas ed pl asma half- li f e: ~ ~. 

x 31 a' method for improving the pharmacokinetics of an immunoglobulin, or antigen-recognizing 

fragment thereof, which comprises covalently linking an immunoglobulin, or antigen-recogniz.ng 
fraament thereof, to a low molecular weight polysaccharide derivative. 
32 A substantially monomeric immunoreactive composition possessing improved pharmacokinetics 
said* composition comprising an immunoglobulin, or antigen-recognizing fragment thereof, covalently 

an Hnked to a low molecular weight polysaccharide derivative. . . 

33. A composition as claimed in claim 32 in which said immunoglobulin, or antigen recognizing fragment 
thereof, is a bifunctional antibody or fragment thereof. „*«„»,«^f 
34 A composition as claimed in claim 32 which comprises a chimenc antibody or fragment thereof. 
35'. A composition as claimed in claim 34 which is a chimeric-bifunctional antibody, or fragment thereof. 
35 36. A composition as claimed In claim 34 which is humanized. 

37 A composition as claimed in claim 35 which is humanized. 

38 A composition as claimed in claim 32 which possesses reduced kidney uptake characteristics. 

39 A composition as claimed in claim 32 which has an increased plasma half-life. 
40. A composition as claimed in claim 38 which has an Increased plasma half-life. 

40 

Claims for the following Contracting States :GR,ES 

1 A Drocess for preparing a substantially monomeric immunoreactive composition with lowered 
immunogenic potential, said composition comprising an immunoglobulin, or antigen-re cognizing 
frZmenT thereof, covalently linked to a low molecular weight polysaccharide derivative said process 
comprising reducing with a suitable reducing agent a free aldehyde group present on the polysaccharide 
Dortion of the covalently linked immunoglobulin or antigen-recognizing fragment thereot. 

2 A process as claimed in claim 1 in which said covalently linked immunoglobulin or 
antigen-recognizing fragment thereof, is prepared by reacting a free immunoglobulin, ^ ^gment 
thereof, with an oxidized low molecular weight polysaccharide, followed by reduction, with a mild reducing 
aqent, the resulting Schiff base adduct. B uu*w,-m 

3 A p ro ccoo for preparing an immunoroactiv o compos i ti o n as cl a. mp rl in rla i m 1 i nr 2 i n wh i ch said 
immunoglobulin, or antigen-recognizing fragment thereof, retains immunoreactivrty and Jocataatjon 
properties substantially unaltered from that of the free immunoglobulin, or ant.gen-recogn.zing fragment 

th ^process for preparing an immunoreactive composition as claimed in any of claims 1 to 3 in which 
the covalently linked immunoglobulin or fragment possesses substantially unaltered or .mproved 

P ^.Tp C rocess for preparing an immunoreactive composition as claimed in Claim 1, 3 or 4 in which the 
60 polysaccharide derivativ is a I wmol cular weight oxidized dextran. auora ™, 

6 A process for preparing an immunoreactive composition, as claimed in claim 5. in which the average 
molecular weight of the oxidized dextran is from about 3.000 to about 16,000. QWOrQ „ D 

7 A process for preapring an immunoreactive composition, as claimed in claim 6, in which the average 
molecular weight of the oxidized dextran is from about 6,000 to about 16,000. 

65 8. A process for preparing an immunoreactive composition, as claimed in claim 7, in which the average 
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molecular weight of the oxidized dextran is about 6,000. 

9. A process tor preparing an immunoreactive composition, as claimed in any one of claims 5 to 8, 
which comprises an average from about one to about twenty oxidized dextran mol cules per molecul of 
immunoglobulin or antigen-recognizing fragment thereof. 

10. A process for preparing an immunoreactive composition, as claimed in claim 9 f in which the 5 
immunoglobulin, or antigen recognizing fragment thereof, is a polyclonal or monoclonal antibody or 
antigen-recognizing fragment thereof. 

11. A process for preparing an immunoreactive composition as claimed in claim 10 in which the 
immunoglobulin, or fragment thereof, is bound to a drug or a metal chelating agent. 

12. A process for preparing an immunoreactive composition, as claimed in claim 1 1, in which the drug is 10 
adriamycin, methotrexate, vinblastine, or desacetyi vinblastine, or cisplatin. 

13. A process for preparing an immunoreactive composition, as claimed in any one of claims 1 to 9, in 
which the immunoglobulin, or antigen-recognizing fragment thereof, is a monoclonal antibody or an 
antigen-recognizing fragment thereof. 

14. A process for preparing an immunoreactive composition, as claimed in any one of claims 1 to 13, in 15 
which the immunoglobulin or antigen-recognizing fragment thereof, recognizes a tumor associated 
antigen. 

15. A process for preparing an immunoreactive composition, as claimed in any one of claims 1 to 14, in 
which the immunoglobulin or an antigen-recognizing fragment thereof, is T101, KS1/4, 9.2.27, RAF, 
2CE025, or an antigen-recognizing fragment thereof. 20 

16. A process for preparing an immunoreactive composition as claimed in any one of claims 1 to 15 in 
which the immunoglobulin or fragment thereof is a bif unctional antibody or fragment thereof. 

17. A process for preparing an immunoreactive composition as claimed in any one of claims 1 to 15 in 

which the immunoglobulin or immunoglobulin fragment thereof is a chimeric antibody or fragment 

thereof. & 

18. A process for preparing an immunoreactive composition as claimed in claim 16 in which the 
bif unctional antibody or fragment thereof is a synthetic bif unctional antibody or fragment thereof. 

19. A process for preparing an immunoreactive composition as claimed in claim 18 in which the synthetic 
bifunctional antibody or fragment thereof is a synthetic covalently cross-linked antibody or fragment 
thereof. 30 

20. A process for preparing an immunoreactive composition as claimed in claim 17 in which the chimeric 
antibody or fragment thereof is a humanized antibody, or fragment thereof. 

21 . A process for preparing an immunoreactive composition as claimed in claim 17 in which the chimeric 
antibody is a chimeric bifunctional antibody, or fragment thereof. 

22. A process for preparing an immunoreactive composition as claimed in claim 21 in which the 35 
chimeric-bifunctional antibody is a synthetic covalently cross-linked chimeric-bifunctional antibody, or 
fragment thereof. 

23. A process for preparing an immunoreactive composition as claimed in claim 21 in which the chimeric 
bifunctional antibody, or fragment thereof, is humanized. 

24. A process for preparing an immunoreactive composition as claimed in claim 22 in which the synthetic 40 
antibody, or fragment thereof, is humanized. 

25. A process for preparing an immunoreactive composition as claimed in any one of claims 1 to 24 in 
which the covalently linked immunoglobulin, or fragment thereof, has reduced kidney uptake 
characteristics. 

26. A process for preparing an immunoreactive composition as claimed in claim 25 in which the 45 
immunoglobulin or fragment thereof, has an increased plasma half-life. 

27. A process as claimed in any one of claims 1 to 26 in which the reducing agent for the free aldehyde 
group is sodium borohydride and the reaction is carried out at about 0° C. to about 25° C. 

28. A process for preparing an immunodiagnostic or immunotherapeutic composition which comprises, 
admixing an immunoreactive composition, as defined in any one of claims 1 to 26 with a 50 
pharmaceutically-acceptable carrier, diluent, or excipient therefor. 
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